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THE  EX-SHADWELL  -  FULL  SCALE  FIRE  RESEARCH  AND  TEST  SHIP 


BACKGROUND 

The  purpose  of  this  report  is  to  inform  the  reader  of  the 
current  capabilities  and  plans  for  use  of  the  EX-SHADWELL 
(LSD-15)  in  specific  damage  control  tests  and  evaluations.  The 
report  is  meant  to  be  a  living  document  and  will  change  ac¬ 
cording  to  Navy  needs,  availability  of  the  ship  and  funding.  We 
hope  also  to  stimulate  the  thinking  of  the  reader  so  that  input 
from  various  interests,  such  as  the  Fleet,  Systems  Commands 
(SYSCOMS),  Chief  of  Naval  Operations  (OPNAV),  Laboratories, 
other  government  agencies  and  industry  can  be  used  as  an  update 
to  the  report  on  a  periodic  basis.  Written  as  well  as  oral 
comments  are  solicited  and  encouraged. 

A  Joint  Research  Agreement  has  been  developed  among  the 
U.S.  Coast  Guard  (USCG),  Naval  Sea  Systems  Command  (NAVSEA)  and 
Office  of  Naval  Research  ( ONR) [ Appendix  A]  concerning  coopera¬ 
tion  in  research  at  the  U.S.  Coast  Guard's  Fire  and  Safety  Test 
Detachment,  Little  Sand  Island,  Mobile,  Alabama  and  where  the 
EX-SHADWELL  is  berthed.  The  coordinator  and  custodian  for  the 
EX-SHADWELL  is  the  Navy  Technology  Center  for  Safety  and 
Survivability  at  the  Naval  Research  Laboratory  (NRL)  Code  6180. 
The  NRL  point  of  contact  is  Dr.  Frederick  W.  Williams,  NRL  Code 
6180,  commercial  telephone  number  (202)  767-2476,  Autovon 
297-2476.  The  Naval  Sea  Systems  Command  points  of  contact  are 
Mr.  David  Kay,  NAVSEA  Code  56Y52,  commercial  telephone  number 
(202)  692-5515,  Autovon  222-5515,  and  Mr.  Carl  Pohler,  NAVSEA 
Code  05R23,  commercial  telephone  number  (202)  692-2980,  Autovon 
222-2980. 


INTRODUCTION 

U.S.S.  SHADWELL  (LSD-15)  is  now  decommissioned  and  referred 
t.i~'  as  "EX-SHADWELL".  Her  vital  statistics  are:  overall  length 
457'j",  beam  72'0",  full  load  displacement  9078  tons  (ship 
isometric  drawings  can  be  found  in  Appendix  B).  She  has  a  proud 
history  of  service  during  WW-II  and  performed  what  was  termed  a 
"miraculous"  recovery  after  sustaining  extensive  damage  by  the 
enemy.  "Damage  Control"  was  required  and  saved  this  ship  in  the 
past,  and  now  EX-SHADWELL  serves  the  Navy  again  by  providing  a 
platform  from  which  the  "art"  and  science  of  ship  survivability 
may  be  enhanced  significantly  because  of  the  many  opportunities 
she  offers  for  realism  in  RDT&E  which  was  not  not  possible  prior 
to  her  acquisition. 


Manuscript  approved  July  10,  1987. 


"Damage  control  is  defined  as  the  measures  necessary  to 
preserve  or  reestablish  watertight  integrity,  stability, 
maneuverability,  and  offensive  power;  to  control  list  and  trim; 
to  effect  repairs  of  material;  to  limit  the  spread  of  and 
provide  adequate  protection  from  fire;  to  limit  the  spread  of, 
remove  the  contamination  by,  and  provide  adequate  protection 
against  the  effects  of  chemical  and  biological  agents  or  noxious 
gases  and  nuclear  radiation;  and  to  provide  for  care  of  wounded 
personnel  (Naval  Warfare  Procedure  (NWP)  62-1)".  Damage  control 
includes  the  functional  combination  of  all  personnel,  equipment, 
material,  devices  and  techniques  designed  to  prevent,  minimize, 
or  restore  (recover  from)  damage  which  occurs  in  wartime  or 
peacetime.  This  includes  passive  defense  for  conventional , 
nuclear,  biological,  and  chemical  warfare,  and  all  active 
defense  measures  short  of  those  designed  to  prevent  successful 
delivery  of  enemy  attack  by  military  means  or  sabotage.  NAVSEA 
and  the  Navy  Laboratories  have  long  been  in  the  business  of 
providing  hardware  and  software  for  the  purpose  of  damage 
control.  However,  nothing  stands  in  isolation,  as  indicated  by 
the  "functional  combination"  above.  We  have  added  the  "person¬ 
nel"  in  the  make-up  of  damage  control,  for  after  all,  man  is  an 
absolute  prerequisite  in  reactive  damage  control.  "Man",  his 
understanding,  his  capabilities  and  his  limitations  are  what  we 
depend  on  for  expression  of  problems  and  solutions.  Fleet 
"feedback"  on  problems  is  often  given  to  OPNAV,  NAVSEA,  the  Navy 
Laboratories  and  others.  The  Fleet  fulfills  one  of  its  func¬ 
tions,  when  it  expresses  these  problems.  The  responsibility  of 
the  supporting  community  is  to  understand  the  problems,  break 
them  into  manageable  action  items  and  develop  corrective 
measures.  Included  in  these  corrective  measures  should  be  the 
ability  to  integrate  individual  solutions  into  the  environment 
where  they  will  be  operative. 

The  EX-SHADWELL  presents  the  Navy  Laboratories  and  the 
Systems  Commands  with  the  capability  to  conduct  thorough 
investigations  and  analyses  that  verify  the  problems,  then 
propose  solutions  on  a  scale  most  nearly  representative  of  the 
true  operational  environment.  Scientific  evaluation  of  short 
term  experiments  and  long  term  studies  can  be  conducted  and  con¬ 
trolled  on  board  EX-SHADWELL  that  would  not  be  practical  on  an 
operational  ship . 

Shipboard  personnel  and  the  training  community  have  been 
influenced  by  two  generations  of  relatively  little  combat 
experience.  Although  we  have  experienced  disastrous  fires, 
fires  under  combat  conditions  present  a  different  set  of 
priorities  and  challenges.  Fully  integrated  damage  control 
tests  aboard  EX-SHADWELL  can  be  conducted  under  very  realistic 
(but  safe)  scenarios,  including  the  use  of  fleet  personnel. 

These  tests  would  provide  more  than  scientific  data  for  the 
RDT&E  efforts;  we  would  also  develop  a  renewed  way  of  thinking 
and  a  pool  of  experienced  operators  and  trainers  that  could 
return  to  their  commands  and  instill  realism  into  shipboard 
exercises  with  credibility. 
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Operational  Test  and  Evaluation  Force  (OPTEVFOR)  is  tasked 
with  performing  Operational  Evaluation  (OPEVAL)  of  Damage 
Control  items  prior  to  fleet  introduction.  Duplicating  the 
damage  scenario  for  testing  aboard  active  ships  has  of  necessity 
been  done  through  imagination  and  simulation.  Even  the  limited 
facilities  asnore  at  the  training  centers  are  restricted  to  much 
less  realism  than  attainable  in  EX-SHADWELL.  Therefore,  testing 
and  evaluation  by  OPTEVFOR  on  EX-SHADWELL  could  approach  a 
realism  almost  that  which  would  pertain  on  an  actual  operating 
ship  in  the  fleet. 

Damage  control  responsibilities  are  assigned  to  many 
personnel  in  the  supporting  community  ashore;  OPNAV  sponsors, 
NAVSEA  program  managers,  technical  directors  and  life  cycle 
managers,  RDT&E  laboratories,  NAVSUP,  NAVAIR,  and  various  other 
line  and  staff  billets.  More  often  than  not,  these  assignments 
are  collateral  duties  (as  is  shipboard  damage  control)  in  which 
the  incumbents  may  not  have  full  appreciation  for  the  demands  of 
damage  control,  its  execution  and  under  what  conditions.  While 
the  mission  of  the  Navy  in  peacetime  includes  preparation  for 
war,  many  damage  control  preparations  are  now  being  made  based 
on  recognized  needs  that  have  evolved  from  primarily  peacetime 
casualties.  The  need  for  wartime  realism  is  critical,  and  with 
the  EX-SHADWELL  as  the  advanced  damage  control  test  ship,  the 
opportunity  for  on-site  tests  and  visits  and  education  of 
responsible  personnel  would  be  readily  available  and  encouraged. 

Fleet  personnel  are  sometimes  faced  with  technical 
questions  for  which  they  have  difficulty  finding  the  answer  or 
locating  technical  expertise.  With  EX-SHADWELL  being  a  focus  of 
information  relative  to  damage  control  and  the  close  association 
maintained  with  the  technical  authorities,  information  flow  to 
and  from  fleet  users  can  be  simplified  and  expedited. 

The  possibilities  for  the  EX-SHADWELL  are  almost  unlimited, 
one  of  the  most  useful  will  be  integrated  tests  to  simulate 
enemy  actions  with  multiple  casualties,  ships  force,  damage 
control  parties,  and  snip  systems.  For  these  reasons  it  is 
important  to  maintain  the  ship  systems  that  will  play  a  key  role 
in  damage  control  such  as  ventilation,  lighting,  fire  mains, 
fire  pumps,  and  internal  communication.  Spectacular  fires  that 
yield  very  little  data  are  not  envisioned,  but  large  fires  which 
may  on  occasion  appear  to  be  out  of  control  can  be  set  by  proper 
planning,  programming  and  control.  One  real  advantage  of  the 
use  of  the  EX-SHADWELL  is  that  individual  tests  can  be  highly 
instrumented  and  controlled  for  acquisition  and  processing  of 
data,  m  real  time  and  later.  This  makes  tests  much  more  useful 
in  the*  long  run  in  that  knowledge  qained  and  lessons  learned  can 
be  applied  to  a  variety  of  scenarios  over  and  beyond  the 
specific  questions  posed  by  the  particular  test  in  question, 
particularly  if  that  test  is  an  attempt  to  only  duplicate  the 
conditions  of  a  particular  accident. 


CAPABILITIES/OPPORTUNITIES 


The  overall  capabilities  of  the  EX-SHADWELL  can  be 
organized  into  various  categories,  but  for  the  purpose  of  this 
report  it  is  divided  into  seven  areas.  These  are:  Passive 
Fire  Safety  (Fire  Hardening)  (1.0);  Damage  Control  Systems/Equip 
ent  [2.0];  Damage  Control  Procedures/Doctrine  [3.0j;  Baseline 
Burns  for  Generic  Spaces  [4.0];  Fire  Protection/Chemical,  Biolo¬ 
gical  Interface  [5.0];  Personnel  Protection  [6.0];  and  Training 
Scenarios  [7.0].  Many  of  the  tests  can  be  overlapped  to  make 
tests  more  realistic  and  reduce  costs.  No  priorities  are 
implied  by  the  listing  order  of  the  categories  or  how  the  tests 
can  be  superimposed.  For  the  immediate  future  the  ship  has  been 
tentatively  divided  into  test  zones  and  control  areas.  This  is 
presented  in  Appendix  C. 

1.0  Fassice  Fire  Safety  (Fire  Hardening) 

Passive  Fire  Safety  (Fire  Hardening)  deals  primarily  with 
materials  currently  on  board,  materials  being  introduced  into 
present  ships,  and  materials  proposed  for  ships.  It  al 
includes  the  amounts,  geometry  and  types  of  combustibles,  and 
spatial  and  air  control  arrangements.  The  key  to  the  program 
will  be  integrating  into  the  tests  the  ship  systems  and  arrange¬ 
ments  that  will  directly  impact  fires,  such  as  ventilation  (or 
alternate  air  supplies)  and  geometry,  as  well  as  fuel  load  and 
composition.  Categories  of  passive  fire  safety  include  working 
fluids,  low  pressure  air,  paints  and  coatings,  light  weight  fire 
insulation,  cermets,  composites,  paint  thickness,  outf  i 1 1  i  r.gs 
and  furnishings,  clothing,  retrofit  package  development  and 
exterior  coating::;.  These  subjects  are  further  described  in 
Appendix  D. 

2.0  Damage  Control  Systems /Equipment 

Fires  cannot  be  totally  prevented,  and  as  long  as  ships 
must  "Go  m  Harm's  Way,"  there  will  be  fires  that  will  require 
•j'-tio'e  fire  fighting  efforts.  Listed  in  this  section  are 
systems  and  techniques  that  will  decrease  the  response  time  to 
fires  and  thus  substantially  increase  the  probability  of  keeping 
damage  to  a  minimum.  This  can  have  a  real  impact  on  fleet 
readiness  in  the  event  of  a  fire.  Categories  of  Damage  Control 
Systems/ Equipment  include  fine  water  mist,  hull  communications, 
WIFCOM,  damage  control  central,  infrared  imager,  smoke  curtains, 
smoke  ; emova 1 ,  fire  aetectors,  heio  crash/well  deck  fuel  fire, 
sprinkler,  post  Ha  Ion  decontamination,  creeper  for  fire  fighter 
and  smoke  eat^r.  These  subjects  are  further  defined  in 
Append  .>;  D. 

3.0  Damage  Control  Procedures /Doc*’  r  i  ne 

In  *~he  pa.'  ,  t  he  actual  testing  of  n,  image  Control  Proce¬ 
dures  •'  Do''*-  r  ;  no  was  difficult  to  conduct  or  fine  tune  .  Informa¬ 
tion  from  a c *■  ;j'i  1  shipboard  fires  is  sometimes  hearsay  and  on 
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occasion  can  be  quite  emotional  with  limited  hard  data.  Also, 
in  the  past  doctrines  have  been  developed  largely  from  fires  of 
the  past.  The  testing  of  such  doctrines  has  also  been  limited 
to  training  centers  or  dry  runs  on  ships.  The  EX-SHADWELL  will 
now  permit  the  evaluation  of  Procedures  and  Doctrine  integrated 
in  other  ship  functions  with  real  fires.  Currently  doctrine  is 
tested  at  fire  training  schools  involving  two  fire  parties  in 
very  limited  space.  With  the  EX-SHADWELL  the  doctrine  can  be 
tested  with  DC  Central,  Bridge,  DC  lockers  and  fire  parties.  In 
addition,  the  ability  to  maintain  vital  ship  functions  can  also 
be  evaluated  during  a  fire  scenario.  Not  only  can  the  actual 
fire  fighting  phase  be  thoroughly  documented,  the  post  fire 
cleanup,  gas  removal  and  return  to  combat  readiness  can  be 
evaluated.  The  use  of  Halon,  water  or  AFFF  from  initiation  of 
system  to  post-fire  return  to  normal  can  be  evaluated.  Doctrine 
for  generic  spaces  can  be  developed.  Attention  can  be  paid  to 
smoke  ingestion  and  emergency  ventilation  line-up.  The  use  of 
Halon  for  vital  spaces  and  combat  spaces  can  be  evaluated  under 
multi-threat  conditions. 

4.0  Baseline  Burns  for  Generic  Spaces 

A  series  of  certification  or  documentation  burns  for 
generic  spaces  can  be  conducted.  The  objective  of  these  generic 
burns  is  to  obtain  information  on  fire  behavior  of  material 
systems  in  well  instrumented  fire  tests.  These  data  will  be 
usee  to  upgrade  training,  develop  "safety-grams"  from  the  Safety 
■.'enter  and  update  ships  documentation.  With  minor  modifications 
th--  -.ests  can  all  be  performed  on  the  EX-SHADWELL.  Spaces  for 
re-.ting  include  machinery /boiler ,  pump  room,  hangar  bay, 
belt- port,  berthing,  command/control/communication ,  galley, 

••tow-' ge/store  room,  passageways,  oil  mist,  remote  build-up  of 
~o:.  t'Uot  ible  gases,  fire  flooding/CPS  zones,  modeling,  flammable 
liquid  lockers,  weapons/magazines/weapons  elevators,  and 
en.i rnney /duct  fires.  These  are  further  described  in  Appendix  D. 

'•> .  0  Fire  Protection/Chemical,  Biological  Interface 

Damage  control  also  encompasses  setting  conditions  to  limit 
the  spread  of  chemical  and  biological  agents.  Under  enemy 
'•c  ion,  damage  control  could  very  easily  involve  both  fire  and 
collective  protective  systems.  Since  the  EX-SHADWELL  will  have 
i  nst-i  ■  ]  ed  three  zones  of  CPS,  experiments/tests  can  be  conducted 
'  r.  tn;th  simulated  agent  attack  and  fire.  Some  of  the  areas  of 
Lc  interest  include  detectors/sensors,  fire  and  CPS 
Lo-er -v't ions,  smoke  control,  compartment  tightness,  decontami- 
n  a t  i  <  ••n  'interior  and  exterior),  and  fire  in  zone  and  in  next 
zone .  Further  information  on  these  subjects  can  found  in 
Appendix  D. 

h.O  Personnel  Protection/Toxicity 

Integrated  with  all  the  test  programs  is  Personnel  Protec¬ 
tion.  There  is  room  for  improvement  in  all  categories  of  this  - 
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visibility,  communication,  protective  clothing,  and  artificial 
environment.  Subjects  to  be  addressed  in  this  area  include 
oxygen  breathing  apparatus,  clothing,  communication,  raingear, 
escape  and  rescue,  cooled  fire  suits,  and  IR  imager.  Further 
description  can  be  found  in  Appendix  D. 

Toxicity  of  products  such  as  the  particulates  in  smoke  and 
gases  and  vapors  generated  in  Navy  fires  is  of  growing  concern, 
particularly  with  the  increasing  use  of  synthetic  materials.  It 
is  a  subject  that  needs  better  understanding  and  definition. 
Further  discussion  is  also  found  in  Appendix  D. 

7 . 0  Training  Scenarios 

Updating  training  courses  is  often  dependent  on  actual 
shipboard  fire  experience  where  little  instrumentation  data  are 
available.  Making  use  of  hard  data  and  video  from  EX-SHADWELL 
tests  will  be  invaluable  to  the  training  community.  This  will 
allow  a  full  integration  of  man,  equipment  and  ship  systems. 

By  having  this  level  of  the  testing  conducted  by  fleet  person¬ 
nel,  data  can  be  collected  to  determine  the  effectiveness  of  the 
equipment  and  procedures.  Training  aids  can  be  proposed  and 
developed  by  closely  monitoring  the  reaction  of  ship  crews  to 
various  situations.  Finally,  more  realistic  simulations  from 
both  a  software  and  hardware  point  of  view  can  be  developed. 


ADMINISTRATION 

The  EX-SHADWELL  is  available  primarily  to  the  SYSCOMS, 
LABORATORIES,  OPNAV,  FLEET  and  SAFETY  Center" for  conducting  full 
scale  damage  control  tests  and  experiments.  Funding  for  each 
test  must  be  provided  by  a  sponsor.  Funds  for  maintaining  the 
EX-SHADWELL  are  provided  by  NAVSEA  05R23  to  the  Navy  Technology 
Center  for  Safety  and  Survivability,  Naval  Research  Laboratory, 
the  custodian  for  the  EX-SHADWELL.  Detailed  test  plans  will  be 
developed  by  the  experimenter  for  implementation  by  NRL/Coast 
Guard  or  by  the  experimenter  directly  with  consultation  from 
NRL's  EX-SHADWELL  Technical  Director.  Personnel  safety  and 
consideration  for  safety  must  be  considered  at  all  time.  The 
NAVSEA  test  bed  sponsor  is  Mr.  Carl  Pohler,  SEA  05R23  who  will 
resolve  priority  differences  when  such  problems  arise.  Examples 
of  test  plans  for  both  passive  and  active  firefighting  are 
provided  in  Appendix  E. 

Test  plans  must  be  complete,  materials  must  be  on  hand  and 
monies  resolved  before  a  test  program  can  begin. 
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US.  Department 
of  Transportation 

United  States 
Coast  Guard 


Commandant 

Untied  Slates  Coasl  Guard 


4/X? 


Washington  DC  20S93 
StattS^Oot  c_dmt_3/5/4 

(202)  426-1023 


3308 .8/06  7  3U  _ 


2  3  SEP  1985 

From:  Comma ndanc 

To:  Commander,  Naval  Sea  Systems  Command 

Sub j :  UNITED  STATES  COAST  GUARD/UNITEO  STATES  NAVY  JOINT  RESEARCH 
AGREEMENT  -  MARINE  FIRE  HAZARD  RESEARCH 

Ref:  (a)  COMNAVSEA  ltr  9930  Ser:  35X2/257  15  Aug  85 


1.  Enclosed  Is  a  signed  original  of  the  subject  agreement.  The  cooperative 
efforts  toward  establishment  of  tills  agreement  were  commendable. 

2.  We  look  forward  to  the  accomplishment  of  the  objectives  of  the  agreement, 
and  an  Increase  of  Coast  Guard  participation  in  the  Navy  Passive  Fire  Safety 
program . 

R.  M  P0LANT 

Acting;  Chief,  Office  of  Research  and  Development 


Fuel :  (1)  UNITED  STATES  COAST  GUARD/UNITED  STATES  NAVY  JOINT  RESEARCH 

AGREEMENT  -  Marine  Fire  Hazard  Research,  17  September  1985 


UNITED  STATES  COAST  GUARD/UNITED  STATES  NAVY 


JOINT  RESEARCH  AGREEMENT 
Marine  Fire  Hazard  Research 


1 .  Authority 

This  Joint  Research  Agreement  (JRA)  is  entered  into  as  a  Memorandum  of 
Understanding  between  the  United  States  Coast  Guard  (USCG)  and  the 
United  States  Navy  (USN)  concerning  cooperation  in  Research, 

Development,  Testing  and  Evaluation  (RDT&E)  of  shipboard  fire 
protection. 

2.  Overall  Objective 

The  overall  objective  of  the  JRA  is  to  increase  the  effectiveness  of  the 
USCG  and  the  USN  research  programs  in  fire  protection  through  expansion 
of  the  USCG  fire  and  Safety  Test  Detachment  (F&STD)  in  Mobile,  Alabama, 
and  to  include  joint  research  projects,  information  exchange,  and 
program  coordination  in  the  use  of  this  facility. 

3 .  Methods  of  Cooperation 

3.1  General :  The  foliowing  methods  of  cooperation  will  be  utilized 
under  this  JRA: 

3.1a  The  USN  will  supplement  the  FA STD  facility  at  Little  Sand 
Island,  Mobile,  Alabama  by  incorporating  a  retired  surface  combatant 
as  a  third  test  ship  next  to  the  existing  ships.  The  USN  will  be 
responsible  for  site  preparation,  including  dredging  in  order  to 
provide  berthing  for  the  USN  ship.  The  USN  test  ship  will  be 
assigned  to  the  Naval  Research  Laboratory  (NRL).  The  environmental 
impact  statement  currently  in  effect  for  the  USCG  test  ships  will  be 
amended  by  the  USN  to  include  the  USN  test  ship. 

3.1b  The  USN  will  have  primary  cognizance  over  its  own  ship  in 
planning  and  performing  tests,  but  will  closely  coordinate  all 
testing  with  the  USCG  Research  and  Development  Center,  Groton, 
Connecticut.  The  overall  F&STD  complex  will  be  under  the  control  of 
the  USCG. 

3.1c  Roth  parties  will  exchange  operational  and  assessment  data  and 
participate  in  the  definitional  phase  of  experimental  facility 
p 1 anning . 

3.  Id  Roth  parties  will  exchange  reports  embodying  significant 
research  resuLts  from  their  activities  subject  to  restrictions  on 
d  i  si  r  i  hui.  i  on  of  proprietary  or  other  sensitive  data.  No  classified 
data  will  be  handled  at  the  site. 

3 .1  H.'.  ■•a rdiiT;  from  both  agencies  will  participate  in  workshops 

and  conferences  ’y  the  USCG  or  the  USN  to  address  specific  marine 
fir*’  protection  issues  and  to  provide  a  mechanism  for  the 
forma  1 / i sf '  >rma I  exchange  of  information. 
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3. If  Both  parties  will  cooperate  in  studies  to  evaluate  the 
benefits  and  cost  of  potential  applications  for  marine  fire 
protection  research. 

3.1g  Researchers  from  both  agencies  will  be  invited  to  inspect 
experimental  test  facilities  and  to  witness  and/or  participate  in 
tests  related  to  marine  fire  protection. 

3.1h  Both  parties  will  exchange  any  developed  software  packages  for 
studying  the  performance  and  operation  of  fire  protection  devices  or 
methods . 


Primary 


Project  Officer: 


Director,  Fire  Protection 
Division 

Naval  Sea  Systems  Command 
Washington,  D.  C. 


FOR  U.S.  COAST  GUARD 


Head,  Combustion  Section 
Naval  Research  Laboratory 
Washington,  D.  C. 


Primary  Project  Officer: 


Technical  Project  Officer: 


Chief,  Marine  Technology 
Division,  Office  of 
Research  and  Development 
Washington,  D.  C. 


Chief,  Marine  Fire  Research 
Branch,  USCG  Research  and 
Development  Center 
Groton,  CT 


U.2  Responsibilities  -  The  Primary  Project  Officers  will  be  responsible 
for  general  administration  and  informing  their  respective  agencies  of 
accomplishments  and  the  overall  effectiveness  of  this  JRA.  The 
Technical  Project  Officers  will  be  responsible  for  achievement  of 
objectives  of  this  JRA  and  will  be  the  principal  point  of  interface 
between  the  parties.  An  on-scene  test  director,  for  each  test  series, 
will  be  designated  by  letter  from  the  USCG  Technical  Project  Officer  and 
so  specified  in  each  test  plan. 

U.3  Coordination  Meetings  -  Coordination  meetings  will  be  held  at  least 
annually  to  familiarize  the  Primary  Project  Officers  with  the  status  of 
activities.  The  meetings  will  be  held  alternately  at  NRL  and  R&DC. 

*4.U  Reporting  -  The  Technical  Project  Officers  will  prepare  a  joint 
annual  report  to  the  Chief,  Office  of  Research  and  Development; 
Commander,  Naval  Sea  Systems  Command;  and  the  Chief  of  Naval  Research 
reporting  the  results  of  meetings  and  progress  achieved. 


5.  Financial  Arrangements 


5.1  The  USCG  will  charge  to  the  USN  the  full  cost  for  use  by  the  USN  of 
the  FfcSTD  including,  but  not  limited  to  the  use  of  USCG  test  ships,  USCG 
personnel  or  USCG  equipment  and  associated  facilities  except  as 
indicated  in  paragraph  5-3- 

5.2  The  USN  will  charge  to  the  USCG  the  full  cost  for  use  by  the  USCG 
of  the  USN  test  ship,  USN  personnel  or  USN  equipment  except  as  indicated 
in  5.3. 

5.3  For  test  projects  of  mutual  benefit  to  the  USCG  and  the  USN,  cost 
sharing  will  be  proportioned  to  each  in  en  amount  equal  to  the  benefit 
received  as  agreed  to  in  advance.  Either  party  has  the  option  to 
withdraw  from  a  project  if  funds  are  not  available,  provided  that 
on-going  task  sharing  or  cost  sharing  projects  will  be  completed  in 
accordance  with  original  terms  and  schedules. 

5.1*  Funds  shall  be  transferred  sufficiently  in  advance  of  testing  to 
permit  the  timely  purchase  of  all  supplies  and  materials  necessary  to 
conduct  the  tests. 

6.  Disclosure  of  Information 

Both  parties  will  make  clear  to  all  manufacturers  cooperating  with  any 
specific  agenda  Item  that  all  information  provided  at  the  review 
meetings  will  become  publicly  available,  except  to  the  extent  that 
either  party  requests  that  the  information  not  be  made  available  to  the 
public ;  and  to  the  extent  that  withholdiing  such  information  is 
consistent  with  public  law. 


Liability 


7.1  Facilities  -  Tests  plans  will  be  mutually  agreed  to  for  the  safety 
of  personnel  and  equipment.  The  on-scene  test  director  will  conduct  all 
te?t3  and  may  terminate  any  test  for  technical  reasons.  A  safety 
observer  will  be  assigned  by  the  supervisor  of  F&STD  for  each  test 
series.  The  safety  observer  may  terminate  any  test  Tor  significant 
safety  reasons.  NRL  through  the  USN  Technical  Project  Officer  will  be 
responsible  for  the  USN  teat  ship  and  ancillary  equipment  except  where 
overall  safety  of  the  general  facility  is  concerned.  Any  placement  or 
removal  of  equipment  on  the  USN  ship  must  have  prior  approval  of  NRL,  in 
addition  to  approval  of  the  supervisor  of  F&STD.  The  overall  safety  of 
the  FiSTD  facility  resides  with  the  USOG. 


7.2  Technical  Data  -  The  parties  will  make  a  best  effort  to  ensure  the 
accuracy  of  all  data,  but  the  accuracy  of  such  data  is  not  guranteed. 
Each  party  will  use  the  other's  data  at  its  own  risk  and  may  not  hold 
the  other  party  responsible  in  the  event  of  claims  arising  out  of  the 
use  of  said  data. 


7*3  Navy  Ship  Disposition  -  It  is  anticipated  that  after  ten  years,  use 
of  the  USN  ship  as  a  test  platform  will  end.  In  the  event  that 
disposition  includes  removal  from  the  berthing  site  as  described  in 
paragraph  3.1a,  said  removal  will  be  at  no  cost  to  the  USCG.  Any 
monies  derived  from  disposition  of  the  USN  ship  will  be  under  the 
cognizance  of  the  Chief  >f  Naval  Operations. 


11 


Duration  of  Agreement 


This  agreement  shall  enter  into  force  upon  signature  and  remain  in  fo 
until  terminated  by  either  party  upon  written  notification,  provided 
that  on-going  task  sharing  or  cost  sharing  will  be  completed  in 
accordance  wi tli  their  original  agreed  terms  and  schedules. 

Amendmen t  s 

This  JRA  may  be  amended  at  any  time  by  mutual  agreement  in  writing. 
AGREED: 


FOR  THE  UNITED  STATES  NAVY 


'hh)S 

RADM  H.  V.  RICKETTS 
Deputy  Commander 
For  Ship  Design  and 
Engineering 

Naval  Sea  Systems  Command 


Date 


Date 


FOR  THE  UNITED  STATES  COAST  CUARD 


Office  of  Research  and  Development 


SOMETRIC  DRAWINGS 


APPENDIX  C 


EX-SHADWELL's  Initial  Test  Zone 
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[  j  TESTING  WITHOUT  FIRES 
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04  Level 

Rl  UNLIMITED  TESTING 
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Pxl  LABORATORY  CONTROL  SPACES 


FXl  UNLIMITED  TESTING 
f~|  TESTING  WITHOUT  FIRES 
[Vi  LABORATORY  CONTROL  SPACES 


rvl  LABORATORY  CONTROL  SPACES 
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levels  in  the  ship  as  well  as  for  superstructures.  New  insu¬ 
lations,  such  as  open  cell  polyimide  and  glueable  fiber  glass, 
can  be  evaulated  under  full  scale. 

1 . 5  Cermets 

A  promising  technique  developed  from  the  6.2  R&D  program 
uses  a  high  temperature  spray  process  to  put  a  ceramic/metal 
coating  on  substrates  such  as  aluminum.  The  fire  hardening 
characteristics  imparted  by  this  coating  makes  it  attractive  for 
use  on  aluminum  superstructures.  Although  cermets  shown  consid¬ 
erable  fire  retarding  in  the  laboratory  they  have  not  been 
evaluated  under  large  scale. 

1.6  Composites 

Composites  currently  have  widespread  application  in 
aircraft  and  are  attractive  due  to  their  light  weight  and  high 
strength  features.  The  most  popular  form  in  the  Navy  is  the 
graphite  filament  with  epoxy  resin.  The  push  for  composites  use 
on  submarines  has  been  for  weight  savings  and  should  have  wide¬ 
spread  application  on  surface  ships.  Since  the  resins  are 
organic,  they  can  add  tc  the  fuel  load.  Also,  in  a  fire,  some 
of  their  smokes  are  electrically  conducting.  Their  proposed 
structural  and  load  bearing  applications  makes  full  scale  fire 
testing  extremely  important.  In  addition,  very  little  is  known 
of  the  fire  and  toxicological  characteristics  of  composites. 

1.7  Paint  Thickness 

Thin  coats  of  paint  have  a  degree  of  fire  hardening  on 
metal  substrates  due  to  heat  adsorption,  as  opposed  to  non-metal 
substrates .  As  the  thickness  of  the  paint  builds  over  the  years 
much  of  this  safety  factor  is  lost.  In  fact,  at  some  point  the 
paint  can  he  c'n.idered  as  a  layer  of  fuel  over  the  metal 
surface;-,  and  can  contribute  significantly  to  fire  spread.  This 
contribution  has  not  been  quantitated  satisfactorily  in  terms  of 
thickness  and  paint  type.  Full  scale  tests  could  yield  data  on 
when  pain*",  should  be  stripped,  especially  when  anticipitating 
action. 

1.8  Outfittinqs  and  Furnishings 

AJ  though  items  under  this  category  should  be  controlled 
with  sped  f i cations,  material  costs  sometimes  take  precedence. 
The  fire  impact  for  this  category  of  materials  is  not  well 
characterised.  Typical  compartment  configurations  for  messing, 
berthing  and  office,  s  in t  ry  can  be  evaluated  under  full  scale 

where  geometry  and  ventilition  play  a  key  role.  The  impact  of 
the  use  of  non  sped  fic^r.  j  nr.  materia',  vs  specification  material 
can  be  evaluated  for  informative  training.  The  data  can  also  be 
useful  for  tightening  specifications. 


1 . 9  Clothing 

Both  issue  and  non-issue  clothing  are  carried  and  used 
aboard  ships.  The  storage  and  wearing  of  such  clothing  can  have 
a  direct  impact  on  ship  readiness  when  fires  break  out  under 
hostile  action.  Smoke,  fire  spread  and  toxicity  are  key  issues 
with  every  day  clothing  as  well  as  special  clothing  for  fire 
fighting  and  chemical  defense.  These  issues  should  be  evaluated 
under  full  scale  so  impact  can  be  assessed  and  recommendations 
made  to  increase  fleet  readiness. 

1.10  Retrofit  Package  Development 

In  some  instances  the  solutions  from  the  R&D  community  to 
the  Systems  Commands  do  not  reach  the  users  because  there  is  a 
lack  r.f  complete  documentation  for  implementation  into  the  fleet 
hardware  and  software.  Proposed  new  damage  control  equipment, 
materials  and  software  can  first  be  installed  on  the  EX-SHADWELL 
to  assure  a  ship  alteration  package  is  complete  and  has  the 
damage  control  aspects  desired. 

I .  LI  Exterior  Coatings 

The  fire  vulnerability  of  lightweight  armor  and  coatings 
which  decrease  a  ship's  detectability  should  be  evaluated  full 
Sc -ile  before  implementation  into  the  fleet.  Small  scale 
lab  ary  tests  will  not  predict  the  impact  of  full  scale 
inv'-l vement .  Testing  of  su^h  coatings  and  armor  under  full 
.  o  i  s  e  ■  III  determine  ship  vulnerability  to  fire. 

<7 &  ( dec  r  rr/  Fj  •  -•  *  m*.  'Fqu  ipmen  t 

Fine  Water  Mist 

•  •rv-epu  •.  i  ly,  the  fine  water  mist  system  is  a  fixed  sup- 

r  :  ■  . .  system  wh  i  --h  *•  Vk~s  advantage  of  the  heat  capacity  of 

w  i  *  •  .  •  derive;  :tm  *■  o  r  fire  the  suppressant  in  an  optimal 

r  r  •  •  • ;  a  no  ic-r.ru  t  ,-y .  Tr.  i  s  requires  a  minimum  amount  of 

v;  '  •  :  ■  id  *  r.  eliminates  some  of  its  deleterious  side  effects. 

Tii  ’  •  .  ••.ed  •.  yo*.  >-m  •;  under  development  for  selected  submarine 

'■••'  I  .:  •  .-en»  "  ir.3  •.•'non  1  d  be  expanded  to  the  surface  fleet.  Vital 
on .*  '■'.■■■.•  ■  and  hi  d.  rise  spaces  protected  with  water  mist  can  be 
t»,v;.  :;or  f  i  re  vuln.ei  :  b  i  !  ity  on  the  EX  SHADWELL.  Based  on  data 
■:  •  1,  rr  i  I  i  *  ary  -Teel? :  c-,t  ior.r.  ••ou  id  be  developed  for 

*  •-  i  •  :  •  f  i  :>  i  -y:  f  cm  . 

.  Hull  Communications 

'I  r.e  use  of  t  r>.  hip's  structure  as  a  communication  medium 

h  ••  ;  ;  »•  j  no  pr.  •; ;  ;  iijtje';.  This  almost  non -dest  ruct  i  bl  e  1  ink 

bet  we'  da  mag-  -ontrol  ••entral,  damage  bontro  l  lockers  and  fire 
i  art  y  i •  i n  be  '  in. eta  1  ied  and  tested  on  the  F.X  SHADWEbl, .  This 
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would  allow  the  testing  of  the  systems  hardware  and  software 
under  actual  fire/fire  fighting  conditions  with  other  equipment 
and  ship  systems  operating. 

2.3  WIFCOM 

Although  wire  free  communication  already  has  some  limited 
experience  in  the  fleet,  this  experience  can  be  increased 
markedly  by  incorporating  WIFCOM  in  the  fire  fighting  tests 
conducted  on  the  EX-SHADWELL.  The  data  gained  in  its  uses  and 
limitations  would  be  helpful  in  training  and  improvement 
programs . 

2.4  Damage  Control  Central 

An  automated  damage  control  central  with  the  integrated  use 
of  mini-computers,  WIFCOM,  HULL  COM  can  automate  damage  control 
to  the  extent  that  technology  in  Central  will  come  abreast  of 
the  20th  century.  As  systems  and  software  developments  occur, 
they  can  be  evaluated  on  the  EX-SHADWELL  with  other  fire 
fighting/damage  control  tests.  Doctrine,  training  and  other 
technical  data  developed  can  be  utilized  to  improve  fleet 
readiness.  Information  handling  and  assessment  with  subsequent 
recommendation  in  short  periods  of  time  are  an  emerging  science. 
Taking  advantage  of  this  opportunity  at  critical  times  on 
shipboard  is  extremely  timely. 

2.5  Infrared  Imager 

Although  the  : R  imager  is  being  procured  for  the  fleet, 
very  little  critical  fire  data  are  available  on  it.  When 
opportunities  arise  with  various  tests  on  the  EX-SHADWELL  the 
imager  should  be  esed .  The  data  on  the  imager  can  be  documented 
and  supplied  to  the  proper  codes  in  HAVSEA,  training  community 
and  Safety  Outer  for  improved  use  of  the  system. 

L.u  Smoke  Curtains 

Curtains  of  r wo  kinds  are  envisioned:  fixed  and  portable. 

P  o  r  t  a  Me  curtain  •  > :  ■-  d  e  s  igne  d  f  o  r  d  o  o  r  u ,  h  a  t.  c  h  es  an  d  p  a  s  s  a  g  e  - 
ways  for  use  in  con  junction  with  fire  fighting  efforts  and 
desmcking.  The  fired  curtains  cap.  be  deployed  as  needed  or  when 
general  quarters  are  ret-  to  maintain  major  smoke  boundaries. 
Specif  i  cat  Lens  for  f-u:  ruins  and  doctrine  for  their  use ?  can 
result  from  the  KX-SHADWHLT.  program*.  After  initial  te^s,  the 
smoke  curt  a  i  ns  can  n  •  d  in  conjun-'.ien  with  other  tesi-s  for 
fully  integr-c  ed  d  rn  igo  'octroi  e  ff  or  ts  . 

2.7  Smoke  Removal 

I  f  pros  LI  !e,  sm.  ke  removal  wou  1  d  be  best  accomplished  by 
ventilation  lineup.  H  '■■wove  r  ,  when  not  possible  ,  portable 
blowers  along  with  smnkf  curtains  can  be  used  to  opt imi he  smoke 
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removal,  including  post  fire  cleanup  procedures.  Ventilation- 
lineup  using  supply  and  exhaust  for  desmoking  can  be  optimized 
so  guidelines  can  be  developed  to  desmoke  in  minimum  time. 

2 . 8  Fire  Detectors 

Specifications  for  a  shipboard  fire  detection  system  are 
nearing  completion.  At  least  one  or  more  zones  of  detectors  can 
be  installed  on  the  EX-SHADWELL  as  this  will  give  the  Navy  an 
opportunity  to  evaluate  the  systems  under  actual  shipboard  fire 
situations.  Problems  that  may  arise  in  the  fleet  can  then  be 
duplicated  and  solved  quickly.  Additionally,  background  data 
collected  on  the  detectors  in  conjunction  with  other  fire  test 
data  will  allow  another  improved  generation  of  detectors  to  be 
developed. 

2.9  Helo  Crash/Well  Deck  Fuel  Fire 

If  shipboard  testing  is  necessary  after  the  large  scale 
land  tests  at  China  Lake,  the  EX-SHADWELL  has  a  helo  pad  and 
well  deck  available  which  makes  the  simulation  of  this  event 
possible.  Doctrine  covering  rapid  response  with  various  fire 
fighting  techniques  and  specifications  for  fixed  systems  can  be 
deve loped . 

2.10  Sprinkler 

Except  in  high  risk  areas,  such  as  weapons  magazines  and 
hangar -bays,  the  Navy  uses  very  few  sprinkler  systems  on  its 
ships.  On  larger  ships  it  may  be  appropriate  to  sprinkle  major 
cableways,  large  store  rooms  or  other  selected  spaces.  Vital 
space  perimeter  sprinkling  may  also  be  an  option  worth  evalu¬ 
ating  in  a  shipboard  environment.  Full  scale  evaluation  can 
determine  the  practicality  and  aid  in  developing  specifications. 
The  possibility  of  mixing  halon  with  water  sprinklers  for 
selected  spaces  can  be  evaluated  on  full  scale. 

2.11  Post  Halon  Decontamination 

The  use  of  halon  results  in  production  of  acid  gases.  Also 
produced  in  some  cases  is  a  teflon-like  coating,  which  reduces 
electrical  conductivity  and  can  trap  acids  making  decontamina¬ 
tion  difficult.  Methods  of  decontaminat ion  and  post  lire 
cleanup  need  to  be  addressed.  Full  scale  testing  can  be  useful 
in  determining  the  practicality  of  developed  methods. 

2.12  Creeper  for  Fire  Fighter 

The  cable  fire  fighting  tests  have  shown  that  spraying  with 
water  ahead  of  a  fire  party  may  not  be  the  best  fire  fighting 
technique  if  bulkheads  and  upper  layer  air  temperatures  in  the 
passageways  are  high.  Under  these  circumstances  the  water 
protection  tends  to  flash  to  steam,  creating  an  additional 
hazard.  Since  entry  by  duck  walk  or  crawling  may  be  a  better 
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option,  a  lightweight  creeper  device  would  be  of  benefit  for  the 
advance  fire  party.  This  can  be  incorporated  into  a  fire  fighting 
test  as  a  piggyback  experiment. 

2.13  Smoke  Rater 

The  incorporation  of  collective  protection  systems  in*o 
ships  will  complicate  smoke  removal.  Self-contained  '-moke 
removal  devices,  as  opposed  to  use  of  ship's  vent  Llat i<vi,  may  be 
necessary.  Catalytic/filtration  system  can  be  evaluated  full 
scale  to  determine  their  practicality. 

3.0  Damage  Control  Procedures/ Doc  trine 

No  further  breakdown  at  this  time. 

4.0  Baseline  Burns  for  Generic  Spaces 

4.1  Machinery/Boiler  Space 

Machinery /Boiler  space  on  the  EX~3HADWEI,1,  ire  or  both  the 
port  and  starboard  side.  The  port  side  has  been  he  si  jn  ■■/■  h  the 
hot  burn  side  and  the  starboard  side  as  the  control  ar.d  •-  id 
smoke  side  for  the  initial  tf  string  phase .  The  par*-  ere;:.-  L  o.-m 
involves  three  decks  with  expanded  metal  deck  cover  in  a  : .  f  is 
reached  through  vertical  shafts  extending  down  two  ae-i  .  F* i 
fire  fighting  tests  an  add  it  ional  doc  r  into  the  well  oe.-v  wtu  Id 
be  installed  for  safety  use  r r.  1  v  during  an  emergency. 
space  fire  fight  ir-g  lo-^i/ine  can  be  rvd  j.r  ed  as.  >  f.  1  s  -  :  tt 
the  certification  burns. 

4.2  Hangar  Bay 

The  FX  •  SHAF'RFM.  does  net  on  rerd  1  v  have  a  hi  vtt  .  V 

the  well  deck  ext  end-,  f  :  w  t  r  i  tf  r  h--  -  ,  pe  :  -•*  ■  ;ie.  ,\  •  :  < ; 

door  can  be  it -tailed  .in  t  r.  i  urea .  Th:  e»  to;  ma  i  s  •  •  T  3 

are  planned  for  -he  EX  SHADWKt.b.  Two  ->f  t  'ru-  :  * re-  r  ego  ; 
partition,  i  n  t.ru  w«-.  1 1  -k  .  1  •  hc-u  1  i  ;*  •... .  t  .  n  at  , 

and  puss  i  b  1  y  two,  o  i  son:  te  hang -it  bay  type  or-.  . 

4.1  Hel  o  Por  t. 

The  F.X  SHADWF.;  i.  was  ‘it  f  i  !  :*.*  1  kb  t  ,  •  : 

exercises  »nd  is  egc  i  ppe.;  a  t  ;  •  i. 

fuel  splits  on  *•  he  helopad  with  :  . to  l ;  f  •:«  . 
well  can  he  simulated.  A  -  t  ■  •  i  i  ■  w  u  *  •  *  r 
a  ser  i  .  t  r  ire  f  i  3bd  inn  set  . .  nr  t  •  •  -r;  :  . 

4 . 4  Berth i ng 

The  EX  PH A DWELL  in  -  dive  t  •  :•  i  ;  -M  . 
ships  force  Pert  hi  ng  and  ate  no*'.:  ns  i  •  • 

The  racks  and  lorkets  are  in  p]  n  i  k  : :  : 
berthing  spa ce  f  i  re  t  e  •  *-  . 


4 . 5  Command/Control/Communication 

These  spaces  are  in  the  superstructure  and  would  best  be 
benefited  by  studying  the  effects  of  smoke  and  protection  of 
vital  spaces.  In  integrated  tests  these  spaces  could  be  manned 
for  realistic  communication  simulation. 

4.6  Galley 

The  EX-SHADWELL  is  equipped  with  a  galley  capable  of 
preparing  food  for  the  whole  ship.  It  has  diverse  equipment 
still  on  board  and  almost  any  kind  of  galley  fire  can  be 
simulated.  Two  fires  proposed  are  Class  B  in  the  deep  fat  fryer 
and  Class  C  in  ovens  or  stoves. 

4.7  Stowage/Store  Rooms 

Tnere  are  numerous  store  rooms  below  deck  for  fire  tests. 
Some  are  entered  through  hatches  and  some  are  located  off 
passageways.  For  fire  fighting  tests  both  methods  of  entrance 
can  be  employed. 

4 . 8  Passageways 

Passageways  with  cable  bundles  in  the  overhead  can  be  found 
on  the  second  level.  There  are  also  thwartship  passageways  in 
the  superstructure.  Certification  burns  can  employ  all  these 
a  r  e  i  s . 

4.7  Oil  Mist 

' 1  i  !  mist  fires  can  be  catastrophic  (BENNINGTON,  1954). 
r i f ferent  tyres  of  oil  mi'  t  fires  can  be  simulated  in  many  areas 
of  fro  ship.  Initially  tney  can  be  created  in  the  port  wing 

Will. 

■,  .  ;  0  Remote  Buildup  of  Combustible  Gases 

:  ttcf  ■•an  be  performed  almost  anywhere  on  the  ship,  but. 

planned  well  t<  •  avoid  explosions.  The  concern  is  that 
ur'r  ;  so  :  gases  from  one  fire  could  col  lect  in  an  area  remote 
f i"/  :t  tire,  mix  with  fresh  air  and  create  a  highly  explosive 
rir*  r<=> .  Fires  below  decks  generally  burn  very  fuel  rich  with 
l  ira-'  a:  cunts,  of  unV-urnt  gases  being  created  and  released . 

T-"-  •  *  s  ’  c  be  planned  so  "hat  flammable  vapors  can  be  generated 
an  •  nt  rol  j ed  conditions  in  a  variety  of  spaces  and 
cnv .  :s  •  cent--. ,  -tn  i  their  behavior  monitored  and  studied. 

4.:]  Fi re/Flooding/CPS  Zones 

The  FX  SHA1  WF.i  i,  has  or  will  have  all  three  types  of  nones. 
■'«  idd  i  t  i  on  a  1  .-cnsidei  at  ion  should  be  given  to  smoke  zones. 
Faroe  ■  •  * ] e  rests  can  be  conducted  with  and  without  active 
fir-  f  I  ■  s  r.  t  i  i ;  j  f  ,  contain  and  ntrol  fire,  smoke  and  flooding. 


With  diverse  instrumentation  a  large  data  base  can  be  collected 
for  the  first  time  for  multi-level  multi-compartment  involve¬ 
ment.  Valuable  information  can  be  collected  on  personnel 
protection  items  and  smoke  curtains  for  incorporation  into 
training  and  future  design. 

4.12  Modeling 

Commensurate  with  the  experimental  program  involving  the 
EX-SHADWELL  will  be  a  modeling  program.  It  is  recognized  that 
full  scale  testing  for  each  scenario  may  not  always  be  possible, 
especially  a  number  of  years  from  now.  Therefore,  a  modeling 
program  in  conjunction  with  the  experimental  program  is  vitally 
important.  Each  major  test  can  have  the  involvement  of  the 
modeling  program.  If  the  modeler  is  involved  in  test  planning, 
it  insures  that  data  necessary  for  the  modeling  effort  will  be 
acquired  in  the  major  tests.  This  must  be  a  give-and-take 
effort . 

4.13  Flammable  Liquid  Locker 

There  are  two  flammable  liquid  lockers  on  the  EX-3HALWELL 
which  are  equipped  with  fixed  COo  systems.  Halcn  with  121.  L  or 
1301  can  also  be  tested  as  suppressants  for  these  lockers. 
Electrical  cable  penetration  into  such  spaces  have  been  viewed 
as  creating  weak  links  in  multi-cable  transits  in  the  event  of  a 
rapid  combustion  process  and  overpressures.  One  of  the  flam¬ 
mable  liquid  lockers  can  be  used  to  determine  the  "explosion 
proofing"  required  for  these  spaces. 

4.14  Weapons/Magazines/Weapons  Elevators 

These  spaces  at?  available  on  the  EX-SHADWELL  ar.  :  t hr- 
vulnerability  of  these  spaces  to  fires  in  adjacent  coop .  rt rents 
can  be  evaluated.  Fixed  suppression  system?  and  det  e.-t  ion 
systems  within  the  spaces  can  be  evaluated.  Instrument;-; 
weapons  simulations  can  be  placed  in  the  rompat ‘ ments . 

4.13  Chimney/Duct  Fires 

Buildup  of  grease  and  dust  in  duct. ?  •  tn  1  ead  t  o  i  s :  i n  i  f  i  • 

cant  fire  spread  pioblem.  The  extent  of  t hi s  urfioi;  l  har.ard 
'••in  be  ee-iiuaf°d. 


5 . 0  FJ  re  Protection  Chemical ,  PioloaicoJ  Into;  fire 

5.1  Detectors/Sensors 

Fire  detectors  and  CW/BW  sensors  will  be  s.ew  t:  ‘  ;.e  f  1  eet . 
The  interaction  of  the  two  concept  s  w  i  t  h  e.-e-h  of  her  sod  with 
ship  systems  should  be  anticipated.  Inteqr  tied  *•<-. --t  s  involving 
the  ops ,  detectors,  simulated  at  tacks  and  file-,  -vnn  he  i  cessed 
in  full  scale.  Data  collected  can  demonstrate  *  he  reliability 
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of  the  systems.  Today's  commercial  fire  detectors  tend  to  false 
alarm.  In  fact,  false  alarm  is  a  tradeoff  with  sensitivity  of 
the  detector  -  the  more  sensitive  you  make  the  detector  the  more 
false  alarms.  This  test  program  can  allow  for  optimization  of 
the  detectors  and  sensors.  Sensors  should  also  be  coupled  with 
Damage  Control  Central  and  Communications  studies. 

5.2  Fire  and  CPS  Interaction 

The  effect  of  fire  on  CPS  will  tax  the  ventilation  fans, 
require  by-pass  filters  and  fan  reversibility  for  desmoking. 
Under  actual  combat  conditions,  both  fire  and  CBW  can  be 
expected  and  must  be  prepared  for  in  training.  Data  collected 
under  the  dual  threat  could  result  in  the  development  of 
training  situations  and  improvement  of  design.  This  test 
program  could  also  result  in  redesign  and  design  for  retrofit  of 
CPS  (e.g.  vertical  flow  systems).  Testing  with  the  dual  threat 
will  allow  the  air  quality  throughout  the  ship  to  be  evaluated. 

c< .  3  Smoke  Control 

Pi oblems  associated  with  smoke  generation  and  motion  in 
operating  and  CPS  sys-ems  need  definition.  Control  and  removal 
of  smoke  in  such  systems ,  can  be  studied  either  independently  or 
in  .v  nnect  ion  with  ether  on-going  tests. 

'.4  Compartment  Tightness 

mpartment  t-jqhtr.e-s  will  be  key  to  flooding,  smoke  spread 
and  *•  n*  ainrreru  af^et  casualty,  dust  how  important  compartment 
-  i  gh*-r  i:  '■'•mbit  i  ealiness  is  not  known  (leak  rate).  With 

t  >-•  .-HAPWE!.'.  a  r  ;  r.esq  factor  '"an  be  developed. 

.  Decontamination  Exterior  and  [nterior 

-  .  i  1  -hiilv  ard  test'  can  be  conducted  to  determine 

t  r.t-  e  *.:•••*.  i  *’ene  .•  f  --ur  rent  re-hniques.  The  effect  of  breach 
:  r.  . ;  and  :  *  erf-  '*■  ran  be  tested.  The  rate  of  deconta- 

m i  n a  -  ;  :  ^  1 1  -■  r  e  s -  nd  i  : .  S  '  mu ]  a r. t s  for  training  can  be 

eva  .  -  ted  on  -a;,  a  *::;>]  ;  ■  i  p  f-  determine  the  i  r  effectiveness. 

Fire  in  Zone  and  in  Next  Zone 

r  ■  re  t  e  •- 1 "  w ;  •  .  i  •-  rondur'-e  1  within  a  zone  and  in  adjacent 
zone:,  te  deter  n  i  ,v  *  r  *'t  r-.-t  of  overpressure  from  t  he  fire. 
Large  s'-ale  ■••■..■nf  i  nat  •  »- 1  or-  may  play  a  vole  in  monitoring  CPS  and 
thus  over  a  1  1  ■.•nid'.-p  ,  e.iii .  n---  s  .  Filly  integrated  tests  involving 
sm  jke  removal  or:  be  n  looted. 
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6 . 0  Personnel  Pr o tec t ion/ Toxic i ty 

6.1  Oxygen  Breathing  Apparatus  (OBA) 

In  almost  every  major  shipboard  fire,  a  problem  arises  with 
the  OBA  whether  it  be  a  sealing  problem  or  lifetime  of  the 
canister.  If  these  problems  are  real,  it  will  require  hardware 
modification,  or  if  perceived,  will  require  change  in  training. 
Fully  integrated  fire  fighting  tests  can  be  conducted  to 
determine  realistic  limitations  of  the  OBA.  Improvements  in  the 
OBA  can  also  be  evaluated. 

6.2  Clothing 

Advanced  protective  clothing  for  the  fire  fighter  is  not 
currently  available  in  the  fleet.  A  program  is  underway  to 
introduce  special  suits  in  the  fleet.  These  can  be  integrated 
with  other  tests  to  determine  if  the  proposed  clothing  should  be 
modified  for  shipboard  use. 

6 . 3  Communication 

Communication  remains  a  problem  throughout  the  entire  link 
from  scene  leader  to  nozzle  man,  back  to  the  repair  locker  and 
DC  central.  Systems  such  as  WIFCOM,  touch  signals  and  HULL  COM 
can  be  evaluated  for  various  fire  situations.  Recommendations 
for  training,  improvement  and  integration  with  other  equipment 
can  be  made. 

6.4  Raingear 

Cable  fire  fighting  tests  showed  that  raingear  was  strategic 
to  rapid  extinguishment  of  cable  fires.  Steam  created  in  the 
fire  fighting  was  debilitating  without  the  raingear.  Further 
evaluation  of  raingear  for  other  types  of  fires  can  be  made. 

6  .  5  F,scape  and  Rescue 

This  important  facet  of  damage  control  has  not  been 
emphasized  in  any  test  program  for  optimization.  Egress  beacons 
and  reflective  tapes  have  been  developed  or  partially  developed. 
Testing  under  realistic  conditions  has  not  been  accomplished.  A 
test  program  with  generic  tests  can  be  developed  and  evaluated. 
The  same  can  be  applied  to  guidance  systems  using  sound. 

6.6  Cooled  Fire  Suits 

The  need  for  this  type  of  suit  and  its  application  can  be 
developed  during  generic  fire  tests.  Given  the  need,  criteria 
for  use  and  suit  development  will  follow.  Realistic  testing  of 
the  hardware  can  be  accomplished  along  with  specifications  and 
tra i ning . 


6.7  IR  Imager 

This  is  currently  being  procured  for  the  fleet.  its  use  in 
fire  fighting  tests  will  greatly  expand  our  data  base  in  its  use. 
This  information  can  be  incorporated  into  training  and  shipboard 
documentation . 

6.8  Toxicity 

Sophisticated  instrumentation  is  being  incorporated  into 
EX-SHADWELL  for  real  time  measurement  of  fire  behavior. 

Included  will  be  chemical  analysis  capability  to  indentify  and 
measure  particulates  and  gases  and  vapors  either  in  real  time  or 
by  grab  samples  for  later  analysis.  These  data  can  then  be 
correlated  with  known  toxicological  data  to  give  a  realistic 
assessment  of  hazard  to  unprotected  personnel.  Such  data 
acquisition  can  be  coupled  with  a  large  variety  of  other  tests, 
but  particularly  those  involving  new  synthetic  and  other  novel 
materials.  The  impact  of  burning  conditions  (e.g.  oxygen 
deprivation)  on  fire  products  formed,  and  their  potential 
toxicity  can  also  be  evaluated. 

7 . 0  Training  Scenarios 

No  further  breakdown  of  this  category  at  this  time. 
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OUTLINE  OF  NAVY  CABLE  FIRE  TEST  SERIES 


Tasks 


Number 
of  Tests 


Task  I.  ESTABLISH  CONDITIONS 

(Pan  fire  size)  3  tests 

Equipment  Checkout 
(gas  analyzers.  Temp 
sensors,  heat  flux  meters, 


gas  samplers,  smoke 
sensors) 

Task  II.  Determine  Reproducibility  3  tests 
of  Test  Method 

Task  III.  NAVY  CABLE  TEST  5  tests 

Background  Test  5  tests 

Task  IV.  Navy  Cable  Protection 

Tests  3  tests 

Background  Test  3  tests 

Task  V.  Navy  Radio  Frequency  (RF)  3  tests 

Cable  Tests 


Background  Test 


3  tests 


Test 

Number 

NT(W1),  NT(W2),  NT(W3) 

NT(W4),  NT(W5),  NT(W6) 

NT(W7),  NT(W9),  NT(Wll) 
NT(  W1 3) ,  NT(  W1 5) 

NT(W8),  NT(WIO) ,  NT(W12) 
NT( W14) ,  NT(W16) 

NT(W1 7 ) ,  NT( WI 9) ,  NT(W21) 

NT( W18) ,  NT(W20),  NT(W22) 
NT(W23) ,  NT(W25) ,  NT(W27) 

NT(W24),  NT(W26) ,  NT(W28) 
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Establish  Operating  Conditions 


Test  W1  -  (1.1)  Compartments  configured  (A1  bulkheads  and  Steel 

bulkheads  overhead  and  deck)  no  cables  (2'x2'  heptane 
pan,  4  gallons) 


(1.2)  Instrumentation  -  All 


(1.3)  Video  and  photographs 


(1.4)  Data  Reduction  -  On  site 


1.  Temperatures  in  compartments 
Individual 

Average 

2.  Temperatures  in  corridor 

3.  Average  temperature  in  room  of  fire  origin 

4.  Radiometers  -  individual  plots 

5.  Load  cell  for  the  pan 

6.  CO,  O2,  CO2  -  individual  plots 

7.  Gas  bottles  -  THA  on  site  Anal. 


Test  W2  -  (2.1)  Compartments  configured  (A1  bulkhead  and  Steel 

bulkheads  overhead  and  deck)  no  cables  (3'x3'  heptane 
pan,  8  gallons) 

(2.2)  Instrumentation  -  All 

(2.3)  Video  and  photographs 

(2.4)  Date  Reduction  -  On  site 

1. 

2. 

3.  Same  as  Test  1 

4. 

5. 

6. 

Test  W3  -  (3.1)  Compartments  configured  (A1  bulkhead  and  Steel 

bulkheads  overhead  and  deck)  no  cables  (4'x4'  heptane 
pan,  10  gallons) 

(3.2)  Instrumentation  -  All 

(3.3)  Video  and  photographs 

(3.4)  Data  reduction  -  on  site  -  same  as  for  Test  W1  and 
Test  W2 


II.  Establish  reproducibility  of  teat  method  -  No  cables 
Test  W4  -  (4.1)  No  cable  (pan  size  to  be  selected) 

(4.2)  Instrumentation  -  All 

(4.3)  Video  and  photographs 

(4.4)  Data  Reduction  -  On  site 

1.  Temperature  in  compartments 
I nd 1 v i dua 1 

Average 

2.  Temperature  in  corridor 

3.  Optical  density  in  corridor 

4.  Radiometer  -  individual  plotB 

5.  Fire  pan  load  cell 

b.  All  continuous  gas  analysis  on  individual  plots 
7.  Gas  bottles  -  THA  on  site  Anal. 

Test  W5  -  Same  as  Test  W4 

Test  W6  -  Same  as  Test  W4 

III.  Navy  Cable  Test  Series 

Test  W7  -  (5.1)  Cables  (Mil.  9 1  5F.-Preamend  2)  in  place 

(5.2)  Instrumentation  -  all  channels 

(5.3)  Video  and  photographs  -  before,  during,  after 

(5.4)  Data  reduction  -  On  site 

Same  as  Test  W4  with  addition  of 
temperatures  in  table  bundle 

background  Test 

Test  W8  —  Same  as  Test  W4 


Test  W'J  -  Cables  (  MU.-C-9 1  5F )  in  place 

A1  1  other  parameters  the  same  as  Test.  W7 


Background  Test 

Test  W10  —  Same  as  Test  W4 

Test  Wll  -  (7.1)  Cables  (  Ml  l.-O-XXXXX  f*.  Mil. -0-91  5F)  in  place 
All  other  parameters  the  same  as  Test  W7 

Background  Test 

Test  W12  -  Same  as  Test  W4 


Test  W13  -  (8.1)  Cables  (MIL-91 5E-Amend  2)  in  place. 

All  other  parameters  the  same  as  Teat  W7 

Background  Test 

Test  W1 4  -  Same  as  Test  W4 

Test  W15  -  (9.1)  All  cables  above  f ( MIL- 91 5E- Amend  1), 

(MIL-91 5E-Amend  2).  (MIL-C-91 5F) ,  and  MIL-91 5-XXXX 
MIL-C-1 7)1  In  place. 

All  other  parameters  the  same  as  Test  W7 . 

Background  Test 

Test  W16  -  Same  as  Test  W4 

Navy  Cable  Protection  Test  Series 

Test  W1 7  -  (10.1)  Cables  (MIL  915E-Amend  1)  In  place. 

All  other  parameters  the  same  as  Test  W7 

Background  Test 

Test  W18  -  Same  as  Test  W4 

Test  W19  -  (11.1)  Cables  ( MI L-C-9 1 5E-Amend  1)  in  place  and  protected 
with  substrate  0  1  (to  he  selected). 

All  other  parameters  the  same  as  Test  W7 

Background  Test 

Test  W20  -  Same  as  Test  W4 

Test  W2 )  -  (12.1)  Cables  ( MIL-C-91 5E-Amend  1)  in  place  and  protected 

with  substrate  02  (to  be  selected). 

Al I  other  parameters  the  same  as  Test  W7 

Background  Test. 

Test  W22  -  Same  as  Test  W4 
Navv  RF  Cali  I  e  Test  Series 

Test  W2T  -  (11.1)  R.F.  Cables  (MIL— C— 17)  and  Power  Cables 
(  M  I1.-C-091  SF  )  In  place. 

All  other  parameters  the  same  as  Test  W7 

Background  Test 

Test  W24  -  Same  as  Test  W4 
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Test  W25  -  (14.1)  R.F.  Cables  (M1L-C-17)  with  improved  jacket  and  Power 
Cables  (MIL-C-915F)  in  place. 

All  other  parameters  the  same  as  Test  W7 


Background  Test 

Test  W26  -  Same  as  Test  W4 

Test  W27  -  (15.1)  RF  Cables  with  teflon  insulation  and  florinated  jacket 
and  Power  Cables  (MIL-C-915F)  in  place. 

All  other  parameters  the  same  as  Test  W4 


Background  Test 

Test  W28  -  Same  as  Test  W4 
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TEST  PLAN  FOR  FIRE  TEST 
OF  NAVY  CABLES 


I . 0  INTRODUCTION 

1 . 1  Background 

a.  The  U.S.  Navy  is  using  power  cables  specified  under 
MIL-C-915E-Amend  2.  These  cables  when  involved  in  a  fire 
contribute  significantly  to  the  fuel  load,  produces  vast 
quantities  of  black  smoke,  acid  gases  and  toxic  products. 

b.  Two  new  Military  Specifications  are  being 
considered,  MIL-C-915F  and  MIL-C-XXXXX.  These  specifications  deal 
with  light  weight  power  cables  which  ostensively  will  produce  less 
smoke,  acid  gas  and  toxic  by-products  when  involved  in  a  fire. 

c.  These  new  cables  do  not  address  the  cable  fire 
problem  of  existing  ships  as  the  cost  of  replacing  the  cables  is 
prohibitive . 

d.  Protective  coating  or  wrappings  are  being 
considered  to  protect  cables  on  existing  ships. 

1 . 2  OBJECTIVE 

The  impact  of  new  cables  on  ships  personnel  and  systems 
under  shipboard  conditions  will  be  assessed  when  involved  in  a 
fire. 

a.  Flame  spread,  bulkhead  boundaries  and  heat  load  will 
be  assessed. 

b.  Acid  gas  production  will  be  measured,  HCl,  HBr,  HF. 

c.  Toxic  products  will  be  measured,  CO,  CO2,  HCN,  NOx, 
SO2  and  others  to  be  determined  based  on  small  scale  tests. 
Possibilities  for  analysis  include  chlorine,  phosgene,  formal¬ 
dehyde,  hydrocarbons  and  other  organics. 


Old  cables,  MIL-C-915E-Amend  1,  will  be  protected  with 
coatings.  The  above  same  parameters  (a-c)  will  be  determined. 


2.0  APPROACH 

2 . 1  General 

The  forward  four  compartments  and  passageway  on  the 
starboard  side  of  the  01  deck,  after  deck  house,  of  the  A.E.  WATTS 
will  be  used  as  the  test  compartments  for  the  full-scale  fire 
tests.  See  Figure  1. 


Alterations  to  these  four  compartments  are  as  follows: 

(a)  Remove  the  bulkhead  between  the  center  two  compartments  of  the 
four  to  give  a  fire-test  area  approximately  16  feet  square; 

(b)  Replace  the  bulkhead  with  £  inch  aluminum  that  extends  from 
the  passageway  to  the  head  between  the  after  compartment  (of  the 
four)  and  the  fire  test  area;  (c)  Replace  the  remaining  bulkheads, 
overheads,  and  decks  in  the  four  compartments  with  £-inch  steel. 

Sprinklers  will  be  installed  in  the  overhead  from  the 
deck  above  with  remote  actuation  capability.  There  will  be  two 
zones,  see  Figure  2. 

The  cables  will  be  installed  according  to  Navy  require¬ 
ments  with  both  vertical  and  horizontal  configurations.  Directly 
over  the  fire  area,  cable  will  penetrate  to  the  deck  above  using 
standard  deck  penetration.  A  liquid  fuel  fire  will  act  as  the 
source  of  ignition. 

No  forced  ventilation  will  be  provided  but  the  fire 
compartment  will  be  open  to  passageway.  Since  the  new  specifica¬ 
tions  are  for  light  weight  power  cables  only,  each  cable  bundle 
will  have  to  contain  MIL-C-915E-Amend  2  cable  to  simulate  the 
shipboard  situation.  These  cable  tests  will  be  conducted,  with 
MIL-C-915-E- Amend  2  ;  with  MIL-C-915-F;  and  MIL-C-XXXXX  and 
MIL-C-915-F.  Provided  funds  and  time  are  available  a  repeat  of 
the  last  test  will  be  made  adding  MIL-C-17  cables. 

The  coatings  will  be  evaluated  on  MIL-C-915E-Amend  1  and 
MIL-C-17  cables. 

2 . 2  Fire  Scenario 

The  tests  will  simulate  a  fire  involving  cables,  the 
initial  source  of  ignition  being  a  liquid  fuel  fire.  The  source 
of  ignition  will  be  a  n-heptane  fuel  fire  in  a  square  pan,  the 
exact  size  to  be  determined  in  the  "Establish  Operation  Conditon" 
phase  .  Enough  fuel  will  be  used  for  a  15  minute  pan  fire  burn. 

The  cables  in  the  area  of  the  simulated  mctor  generator  will  be 
subjected  directly  to  the  pan  fire. 

Since  the  primary  objectives  are  to  determine  the 
quantities  of  smoke,  acid  gas  and  toxic  gases  and  potential  for 
fire  spread  due  to  electrical  cables,  no  other  combustibles  will 
be  in  the  compartment. 

The  basis  for  comparison  in  this  series  of  tests  will 
be  flame  spread,  toxic  or  corrosive  by-products,  and  obscuration 
of  vision. 

Sequence  of  Events 

a.  Doors  to  passageway  closed  except  the  test  compartment 

doors . 
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b.  Data  acquistion  system  started. 

c.  Fire  started 

d.  Data  is  recorded  until  all  fire  activity  has  ceased. 


3.0  THE  TEST  AREA 

3 . 1  Test  Spaces 

The  tests  will  be  performed  on  board  the  tanker  vessel 
ALBERT  E,  WATTS  in  test  compartments  and  passageway  on  starboard 
side  after  deck  house  on  the  01  level.  Figure  2  shows  the 
compartment  plan.  The  after  bulkhead  of  the  fire  test  area  will 
be  aluminum.  The  cables  will  be  installed  according  to  Navy 
specif ications  with  steel  and  aluminum  open  cable  hangers.  The 
same  cable  configurations  will  be  used  for  the  coatings  substi¬ 
tuting  the  cable  type  to  simulate  current  shipboard  conditions. 

3.2.  Environmental  Control 

All  compartments  except  the  test  compartment  should  be 
secured  and  no  forced  ventilation  will  be  used.  Standard  cable 
penetration  will  be  used.  The  cable  penetrations  between 
compartments  will  be  sealed  with  duct  seal  according  to  Navy 
procedure.  No  other  special  gas  tight  precuations  will  be  taken. 

3 . 3  Fuel/Ignltion  System 

The  fuel  to  be  used  is  n-heptane,  with  the  quantity 
being  dictated  by  a  burn  time  of  15  minutes.  The  ignition  will  be 
accomplished  with  a  spark  created  from  neon  sign  transformer.  A 
way  will  be  provided  to  fill  and  drain  the  fuel  pans  remotely  from 
the  weather  deck  for  safety  reasons. 

3 . 4  Extinguishment  System 

The  ability  to  terminate  the  fire  at  any  time  will  be 
through  deluge  sprinklers  in  the  overhead  of  the  four  original 
compartments  and  the  passageway.  The  capability  to  sprinkle  the 
fire  compartment  only  will  exist.  The  sprinkler  (or  hand  lines) 
should  be  utilized  only  if  necessary  and  only  the  absolute  minimum 
amount  of  water  should  be  used. 


4.0  INSTRUMENTATION 

4 . 1  Background  Conditions 


Instruments  will  be  used  to  measure  background  environ¬ 
mental  conditions  before  and  after  the  fires.  These  will  include: 


a.  Recording  barometer 

b.  Wind  direction  and  speed  (measure  also  during  test). 

c.  Humidity  in  test  compartment 

d.  Outside  temperature 

4.2  Thermocouples  (See  Figure  1) 

Type  K,  inconel-sheathed  thermocouples  will  be  used  to 
measure  air,  cable  bundle  and  bulkhead  temperatures  in  the 
following  locations: 

a.  Four  vertical  strings,  four  thermocouples  per 
string,  in  the  test  compartment  with  each  string  having  a  T/C  at 
16",  48",  64"  and  80"  above  the  deck.  Two  strings  will  be  located 
12  in.  from  the  cable  penetration  on  the  forward  and  after 
bulkhead.  Two  strings  will  be  located  in  the  door  (See  Figure 
3).  The  fourth  string  will  be  24  in.  from  the  fire  source  on  the 
center  line  of  the  compartments  near  the  porthole. 

b.  Thermocouples  will  be  placed  in  the  cable  bundle  24 
in.  apart  in  the  fire  room  and  the  compartments  fore  and  aft  of 
the  fire  room. 

c.  Vertical  strings  will  also  be  placed  on  the  opposite 
bulkheads  in  the  forward,  after  compartments  and  in  the  corridor. 
The  corridor  string  will  be  12  in.  (after)  from  the  door. 

d.  Individual  thermocouples  will  also  be  placed  on  each 
side  of  the  cable  bundles  on  each  side  of  the  bulkheads  (total  of 
eight  couples). 

e.  Two  thermocouples  will  be  over  the  fuel  pan  to 
monitor  if  it  extinguishes  prematurely. 

4.3  Calorimeters  (See  Figure  2) 

Calorimeters  to  measure  total  heat  flux  placed  as 
follows:  three  calorimeters  to  be  installed  in  the  fire 

compartment  near  the  surface  of  the  aluminum  (after  bulkhead)  and 
two  steel  (forward  and  passageway)  bulkheads.  These  will  be 
located  mid  level  in  the  compartment. 

4.4  Radiometers  (See  Figure  2) 

a.  Three  radiometers  to  be  installed  in  the  test 
compartment  in  the  after  outside  and  inside  corners  at  mid  level, 
and  on  the  deck  near  the  center  of  the  fire  area  looking  up. 

b.  Two  radiometers  to  be  installed  in  forward  and  after 
compartments  on  bulkhead  opposite  the  test  compartment,  mid  level. 

4.5  Air  Velocity  Probes 


None  to  be  installed. 


4.6  Gas  Analyzers  (See  Figure  2) 


a.  Gas  analyzers  to  continuously  measure  oxygen,  carbon 
dioxide,  carbon  monoxide,  total  hydrocarbons,  sulfur  dioxide,  and 
nitrogen  oxides  from  sample  line  inlets  located  24",  48"  and  72" 
(integrated  sample)  above  the  deck  near  the  center  line  string  of 
thermocouples  in  test  compartment.  Separate  gas  analyzer  (inte¬ 
grated  inlets)  for  separate  banks  of  analyzers  (CO,  CO2  +  O2)  will 
be  located  in  approximately  same  location  in  forward  compartment. 

A  gas  analyzer  inlet  will  also  be  in  passageway  outside  the  test 
compartment  (complete  set  of  analyzers). 

b.  Gas  analyzers  to  continuously  measure  hydrogen 
cyanide,  hydrogen  chloride,  chlorine  and  formaldehyde  from  two 
locations,  test  compartment,  and  passageway  will  be  placed.  The 
inlets  will  be  integrated  and  located  near  the  inlets  in  the  above 
paragraph. 

Analyzers 

1.  3  Paramagnetic  Oxygen  Analyzers 

2.  3  IR  CO2  Analyzers 

3.  3  IR  CO  Analyzers 

4.  2  IR  SO2  Analyzers 

5.  2  N0X  Analyzers 

6.  2  Calorimetric  HCN  Monitors 

7.  2  Calorimetric  Formaldehyde  Monitors 

8.  2  Calorimetric  HCl  Monitors 

9.  2  Calorimetric  CI2  Monitors 

10.  2  Total  Hydrocarbon  Analyzers 

4.7  Grab  Samplers  (Figure  2) 

Sample  flasks,  1.6  1  stainless  steel,  fitted  with 
solenoid  valves  and  filters  are  to  be  placed  in  four  locations; 
test  compartments,  forward  and  after  compartment  and  passageway 
near  the  gas  analyzer  inlets.  Three  sets  of  three  each  (24",  48" 
and  72"  above  the  deck)  will  be  located  for  remote  actuation. 

Total  36  bottles  per  test.  These  will  be  furnished  by  the  Navy. 

4.8  in  Situ  IR  Analyzers 

Hydrogen  chloride  and  hydrogen  fluoride  gas  analysis 
will  be  made  directly  in  the  test  compartment  with  a  light  source 
and  monochrometer  located  in  the  overhead  of  compartment  below  the 
test  compartment.  This  test  setup  will  be  furnished  by  the  Navy. 

4.9  Load  Cell 


Load  cell  for  the  fuel  pan  will  measure  the  fuel 
consumption  rate. 


4.10  Visual  Recordings 

a.  Three  visual  color  video  cameras  viewing  from  the 
corner  of  test  compartment,  after  and  forward  compartments  will  be 
utilized. 


b.  An  additional  one  color  video  camera  viewing  down 
the  passageway  will  be  used. 

c.  One  IR  camera  will  be  located  in  the  test 
compartment . 

d.  Still  photographs  (35  mm)  will  be  taken  before  and 
after  each  test. 

4.11  Smoke  Characterization 


a.  The  smoke  obscuration  measurements  will  be  made  in 
test  compartment,  forward  and  after  compartment  and  in  passageway. 
The  locations  will  be  midlevel  near  the  gas  inlet  locations.  At 
these  points,  the  transmittance  of  light  issuing  from  a  low- 
powered  laser  emitter  (0.5  mw,  0.632  v>  wavelength)  will  be 
measured  by  a  photo-diode  detector  36"  from  the  laser.  To  avoid 
inaccurate  readings  from  the  temperature-sensitive  detector  units, 
they  will  be  located  on  the  deck  below  the  test  level.  Laser 
light  at  the  36"  distance  will  be  transmitted  through  fiber  optic 
cables . 


b.  An  automated  impactor  will  be  used  to  characterized 
the  particle  distribution  in  the  test  compartment.  Samples  will 
be  transmitted  to  the  deck  below  through  £"  teflon  line  where  the 
analyzer  will  reside. 


5.0  PRE-TEST  FACILITY  AND  EQUIPMENT  CALIBRATION 

5.1  Remove  bulkhead  between  center  two  compartments  to  give 
fire  test  area  16  ft  x  16  ft.  Remove  the  after  bulkhead  of  fire 
test  area  and  replace  with  aluminum  sheathing  £  inch  thick. 

Remove  all  other  bulkheads  and  replace  with  steel.  If  the  deck 
and  overhead  are  not  steel,  these  will  have  to  be  replaced  also. 

5.2  Prepare  opening  for  cable  bundle  and  block  off  for  fire 
pan  size  tests  and  repeatability  pan  fire  tests. 

5.3  Check  decking  and  overhead  for  integrity  and  repair  as 
necessary . 


5.4  Install  sprinkler  system 

5.5  Familiarize  operating  personnel  with  calibration  and 
operation  of  all  analytical  equipment. 

5.6  Verify  operation  of  all  analytical  equipment 
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5.7  Install,  clean,  dry  and  seal  teflon  all  gas  analyzer 
lines.  Gas  analyzer  lines  in  test  compartment  will  be  stainless 
steel  and  monel  for  HF  and  HC1 

5.8  Install  remote  actuation  power  for  grab  samples. 

5.9  Determine  delay  time  to  analyzers. 

5.10  Install  brackets  for  special  IR  equipment  below  the 
fire  compartment. 

5.11  Install  fuel  pan  ignitor  and  feed  and  drain  lines. 

5.12  Using  the  base  line  test,  establish  the  time-tempera¬ 
ture  curves  for  the  fuel  pans/compartment. 


6.0  TEST  PROCEDURE 

6 . 1  Test  Preparation 

All  instruments  will  be  calibrated  and  checked.  All 
personnel  taking  part  in  the  test  will  be  briefed  on  their  respec¬ 
tive  roles.  All  doors  to  the  test  area  and  inside  the  test  area 
will  be  closed  and  sealed  if  necessary.  Video  tape  recordings  and 
35  mm  photographs  will  be  made  as  necessary  to  document  the 
appearance  of  the  test  compartment,  specimens,  and  instrumentation 
prior  to  each  test. 

6 . 2  Baseline  Tests 

Several  baseline  tests  will  be  conducted  with  full 
instrumentation.  No  cables  will  be  installed  and  cable  feed¬ 
throughs  will  be  sealed.  The  fuel  pan  size  and  reproducibility  of 
fires  will  be  established.  Background  test  without  cable  will  be 
run  between  each  test. 

6 . 3  Commencement  of  the  Test 

Prior  to  actual  lighting  of  the  pan,  all  instrumentation 
will  be  turned  on  and  scanned  for  at  least  five  minutes.  The 
scan-time  of  five  minutes  will  be  used  to  establish  baseline 
measurements.  The  pan  will  be  fueled  three  minutes  into  the  scan 
time,  the  level  determined  by  video  and  premeasurement.  The  pan 
will  be  lighted.  The  timing  clocks  will  be  started  at  the  instant 
the  fuel  is  lighted.  That  instant  will  be  time  zero.  The  time 
the  cables  become  involved  will  be  recorded. 

6.4  Da  ta  Acquis it  ion 

Data  collection  will  be  accomplished  in  the  instrumenta¬ 
tion  trailer  located  on  board  an  LCM  moored  beside  the  test 
vessel.  Wire  leads  and  gas  sampling  tubes  from  the  instruments 
will  be  led  from  the  test  area  to  the  deck  below  and  then  to  the 
trailer.  One  exception  will  be  the  gas  sample  lines  for  the  five 


toxic  gases  that  will  be  tested  by  calorimetric  tubes.  These 
lines  should  be  kept  as  short  as  possible  and  the  instrumentation 
located  in  close  proximity  to  the  pick-up  points. 

6.5  Termination  of  the  Test 

The  test  will  be  terminated  when  all  fire  activity  ends 
or  at  any  other  time  that  may  be  decided  on  by  the  test  director. 
The  test  will  also  be  terminated,  if  the  fire  threatens  the 
sprinkler  barrier  or  for  any  other  reason  if  the  test  director  or 
the  FfiSTD  Supervisor  judges  that  safety  of  the  personnel  is 
threatened. 

At  termination,  fuel  will  be  drained  before  personnel  go 
into  the  test  area.  When  the  corridor  temperature  has  dropped  to 
about  120°F,  the  oxygen  level  has  returned  to  normal,  and  the 
toxic  gas  concentrations  in  the  corridor  have  dropped  to  traces, 
personnel  using  breathing  apparatus  and  carrying  portable  water 
extinguishers  and  a  backup  hand  line  will  enter  the  corridor  and 
test  compartment.  Any  smoldering  embers  will  be  extinguished 
using  a  minimum  amount  of  water  from  the  portable  extinguishers. 
Remains  of  the  test  specimens  should  be  disturbed  as  little  as 
possible  prior  to  inspection  and  photographic  documentation. 

The  sprinkler  systems  or  backup  hand  lines  will  not  be 
used  to  extinguish  the  fire  unless  absolutely  necessary,  to  avoid 
damaging  Instrumentation. 

Before  moving  the  remains  of  the  test  specimens,  obser¬ 
vations  on  the  conditions  inside  the  test  compartment  will  be 
recorded,  and  videotape  recordings  and  35mm  color  photographs  will 
be  made  to  provide  a  record  of  the  appearance  of  the  specimens 
after  the  tests.  The  remains  of  the  specimens  will  then  be 
removed  and  the  test  compartment  will  be  cleaned  up  and  made  ready 
for  the  next  test. 

6.6  Eight  fire  tests  involving  cables  are  planned:  one  test 
each  with  MIL-C-915E-Amend  1,  MIL-C-915E-Preamend  2,  MIL-C-915F, 
and  MIL-C-XXXXX  cable;  then,  one  test  will  include  all  of  the 
above  cables;  and  finally,  the  last  three  tests  will  include  a 
repeat  test  of  MIL-C-915E-Preamend  1  cable,  a  test  with 
MIL-C-915E-Amend  1  cable  protected  with  substrate  #1  (to  be 
selected),  and  the  final  test  with  this  same  cable  protected  with 
substrate  #2  (to  be  selected). 


7.0  SAFETY 


7.1  Safety  Responsibilities 


Safety  of  the  personnel  is  of  paramount  importance 
throughout  preparation  and  testing.  The  F&STD  Supervisor  is  the 
safety  officer  for  all  operations  relating  to  the  testing.  The 
Test  Director  is  responsible  for  the  technical  aspects  of  the 
tests.  A  test  will  be  postponed,  or,  if  in  progress,  terminated, 
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if  at  any  time  the  F&STD  Supervisor  or  the  Test  Director  decides 
that  the  safety  of  any  person  is  threatened. 

7.2  Hazards  From  Explosive  Mixtures 


An  imporatant  safety  hazard  is  that  liquid  n-heptane 
might  remain  unburned  which  could  evaporate  and  form  an  explosive 
mixture  with  air  inside  the  ship.  To  avoid  such  a  risk,  a 
hydrocarbon  detector  and  an  audible  alarm  unit  will  be  installed 
in  the  main  deck  area  (the  level  below  the  test  compartment) 
through  which  the  fuel  supply  pipe  runs.  In  the  event  of  a  leak 
in  the  main  deck  area,  the  hydrocarbon  detector  will  actuate  the 
audible  alarm.  The  alarm  is  loud  enough  to  warn  personnel  in  the 
test  area  of  a  possible  buildup  of  an  explosive  gas  concentration, 
so  that  the  fuel  can  be  drained  immediately  and  the  test 
terminated. 

The  hydrocarbon  gas  analyzer  in  the  instrumentation  trailer 
will  continuously  monitor  the  concentration  of  hydrocarbon  gas 
(HC)  at  the  location  of  the  gas  sampling  tube  pickups  in  the  te9t 
area.  The  computer  will  be  set  so  that  if  HC  concentration 
exceeds  2100  ppm  (about  20  percent  of  the  lower  flammability  limit 
( LFL ) ) ,  an  audible  alarm  will  be  sounded  and  the  heptane  drained, 
terminating  the  test. 


During  the  test,  the  test  compartment  will  be  observed 
via  the  video  monitor  and  IR  camera. 


7 • 3  Hazards  From  Toxic  Gases 

The  analyzers  shall  be  kept  in  operation  after  termi¬ 
nation  of  the  test.  No  one  shall  enter  the  test  area  until  the 
oxygen  concentration  in  the  area  has  returned  to  that  of  normal 
air  (about  21%  by  volume)  and  until  the  toxic  gas  concentrations 
have  dropped  to  traces.  At  this  time,  personnel  using  breathing 
apparatus  will  enter  the  test  compartment  area  to  extinguish  any 
remaining  smoldering  items  and  cover  the  fuel  pan.  The  corridor 
doors  at  the  fore  and  aft  ends  will  be  opened  to  permit  the  smoke 
to  be  exhausted  in  the  aft  direction  by  using  portable  blowers. 


7.4  Fire  Extinguishment 


During  test  preparations,  as  well  as  during  the  actual 
testing,  a  sufficient  number  of  portable  AFFF  extinguishers  should 
be  readily  available  in  the  test  area  in  case  of  emergency. 


7 . 5  Heptane  Supply 


Before  checking  operation  of  the  fuel  supply,  all  other 
Instrumentation  should  be  installed  and  fully  operational.  All 
combustible  material  should  be  removed  from  the  test  compartment 
and  the  area  of  the  passageway  near  the  test  compartment  doorway. 
Heat  flux  data  should  be  recorded  during  this  test  run,  which 
should  continue  for  at  least  15  minutes.  In  the  event  the  fire 
extinguishes  from  lack  of  oxygen,  the  fuel  pan  should  be  drained. 
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8.0  REPORTING 


The  CG  R&D  Center  will  reduce  the  data  and  supply  it  in  a 
usable  form  including  prints,  photos,  and  magnetic  tapes  to  the 
Navy,  NRL  Code  6183  which  will  document  the  test  procedures  and 
present  experimental  results.  Analysis,  discussion,  conclusions 
and  recommendations  will  not  be  included.  The  report  will  Include 
the  results  from  all  tests  including  background  tests. 


APPENDIX  A-l 
INSTRUMENTATION 
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Integrated  sample  taken  at  three  levels,  2V,  48”  and  72”  from  the  deck 


APPENDIX  A-2 
INSTRUMENTATION 


6  Radiometers,  Gardon  0-10  BTU/ft2mln 

Type  64  1  SR  -20  -6  MgO 
Range  9-12  MV,  15  BTU/ft2sec 

2  Calorimeters,  Gardon  0-10  BTU/ft2min 

TypS  64  -2  -  20  '  8  Mg°  3  Rang*  °  “  2  BTU'ft2  '  9*C 

54  Thermocouple,  Type  K,  Inconel  -  sheathed 

10  Smoke  Obscuration,  spectra  Physics  lasers 

RCA  Modi  C30810 

3  oxygen  analyzer,  LCN  Thermomagnetic  (0-25%) 

model  7803-6 

3  Carbon  Dioxide  analyzer,  MSA  Model  LIRA  303 

(0-25%)  Full  Scale 

3  Carbon  Monoxide  analyzer,  MSA  Model  LIRA  303 

(0-5%)  Full  Scale 

2  NOx  analyzer,  Beckman,  Model  951 

2  Sulphur  Dioxide  analyzer,  Beckman  NDIR- 

Model  865 

2  Hydrocarbon  Analyzer,  Beckman  Flame-Ionization 

Model  400 

1  Heat  Detector,  Fenwal 

1  Hygro-thermograph 

1  Load  Cell  (Fuel  Pan  0-50016) 

2  Colorimetric  HCN  (CEA  Model  TGM  555) 

2  colorimetric  Formaldehyde  (CEA  Model  TGM  555) 

2  Colorimetric  HC1  (CEA  Model  TGM  555) 

2  Colorimetric  Phosgene  (CEA  Model  TGM  555) 

2  colorimetric  Chlorine  (CEA  Model  TGM  555) 

36  1.4  liter  Stainless  Steel  Bottle/Solenoids 

1  Particle  Analyzer 

1  Monochrometer  (Jarrel  Ash) 


APPENDIX  B 

n -HEPTANE  DATA  SHEET 


HEPTANE 

Description!  Colorless  liquid. 
Formula!  CH3(CH2)sCH3 
Constants : 

Mol.  Wt.  100.20 
B.  P.  98 . 52  ®C 
Freezing  P.  -90.5°C 
Flash  P.  25  °F  (C.C. ) 

Density  0.684  @  20*/4<>C 
Autoign.  Temp.  452°F 
Vap.  Pres9.  40  mm  @  22.3eC 
Vap .  D .  3.45 

Toxic  Hazard  Rating! 

Acute  Locali  0 
Acute  systemic!  Inhalation  1 
Chronic  Local!  u 
Chronic  Systemic!  U 
MAC:  ACGIH  (accepted);  500  parts 

per  million  in  air;  2045  milli¬ 
grams  per  cubic  meter  of  air. 

Fire  Hazard!  Dangerous,  when  ex¬ 
posed  to  heat  or  flame. 
Spontaneous  Heating i  No 
To  Fight  Firei  Foam,  carbon  diox¬ 
ide,  dry  chemical 

Explosion  Hazard!  Moderate,  when 
exposed  to  heat  or  flame. 
Explosive  Range!  1.2  -  6.7% 

Disaster  Control!  Dangerous, 

upon  exposure  to  heat  or  flame; 
can  react  vigorously  with  oxi¬ 
dizing  materials. 

Ventilation  Control  (use  moderate 
rate)i  Section  2 
Storage  and  Handling!  Section  7 
Shipping  Regulations!  Section  11. 

I .C.C.  Classification!  Flammable 
liquid;  red  label. 

Coast  Guard  Classification!  In¬ 
flammable  liquid;  red  label. 


APPENDIX  C 
SYSTEMS  CHECK  LIST 


8 


j 


Gas 

Analyzer  System 

a . 

Dryer  systemi  moisture  out?  leakage? 

b. 

Condensation  in  tubing? 

c . 

calibrations  o2 ,  co2 ,  co,  hc,  so2, 
response  times: 

N0X  before/after 

d. 

Colorimetric  Analyzer  system  checks 
t ime  s . 

ppm  levels,  response 

e . 

Monochrometer 

f . 

Particle  Analyzer 

Hydrocarbon  Alarm  Systems 

a . 

Calibrator  gas? 

b. 

Audible  alarm? 

3 .  Smoke  Detectlon/Meaeurement 

a.  Clock  starting/stopping 

b.  Laser  system:  alignment,  calibration,  overheating, 
before/after  fire 

c.  Back-lighted  strip  particule  deposit? 

d.  Automated  cascade  lmpactor 

4 .  Computer 

a.  Background  checki 

b.  Pre-ignition 

c.  ignitions  clock-starting,  time  date  gen, 

d.  High  HC  main  valve  closure  check 

e.  Graphics  check 

5 .  Video/Photography  s 

a.  Cameras,  recorders  operating 

b.  Status  board  photographed  or  videotaped  before  tests 

c.  Photos/videotape  during  test  and  after 

d.  Status  board  photographed  and  videotaped  after  tests 

6 .  ignition 


a.  Check  fuel  level  in  pan 

b.  Check  for  HC  leak  -  main  deck  before  and  after  lighting 

c.  Flame  qualitys  blue/yellowing?  Flame  height  steady? 
Ventilation  regulation? 
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OUTLINE  OF  NAVY  CABLE  FIRE  FIGHTING  TEST  SERIES 


Tasks  Number  Test 

of  Tests  Number 


Task  I.  ESTABLISH  CONDITIONS 

Equipment  Checkout  2  tests  NT(W29),  NT(W30) 

(gas  analyzers.  Temp 

sensors,  heat  flux  meters, 

gas  samplers,  smoke  gas 

samplers,  smoke  sensors). 

Fire  Fighting  Procedure 


Task  II.  NAVY  CABLE  MANUAL 

FIRE  FIGHTING  TESTS 


3  tests 


NT(Wil),  NT(W32) 
NT  (  W  3  3  > 


Task  III.  Navy  Cable  Sprinkler 
Fire  Fighting  Test 


1  tests 


NT(W  34  ) 


OUTLINE  (continued) 


TASK  I .  Establish  Operating  Conditions 

Test  W29  -  (1.1)  Compartments  configured  (Aluminum  bulkhead  and  Steel 

bulkheads,  overhead  and  deck)  no  cables  ( 2 ' x2 *  heptane 
pan,  4  gallons).  No  Fire  Fighting 

(1.2)  Instrumentation  -  All 

(1.3)  Video  and  photographs 

(1.4)  Data  Reduction  -  On  site 

1 .  Temperatures  in  compartments  -  individual  plots 

2.  Temperatures  in  corridor 

3.  Radiometers  -  Individual  plots 

4.  Load  cell  for  the  pan 

5.  CO,  O2,  CO2  -  individual  plots 

6.  Data  tape  in  NRL  format  (1600  BPL)  within  24  hrs. 

7.  Complete  channel  listing 

Test  W30  -  (2.1)  Compartments  configured  (Aluminum  bulkhead  and  Steel 

bulkheads,  overhead  and  deck)  no  cables  ( 2 ' x2 '  heptane 
pan,  4  gallons) 

(2.2)  Instrumentation  -  All 

(2.3)  Video  and  photographs 

(2.4)  Date  Reduction  -  On  site 

1  . 

2. 

3.  Same  as  Test  W29 

4. 

5. 

6. 

7. 

(2.5)  Fire  fighting  commence  12  min  after  fire  start 

TASK  II.  Navy  Cable  Manual  Fire  Fighting  Teats 

Teat  W31  -  (3.1)  Compartments  configured  (Aluminum  bulkhead  and  Steel 

bulkheads,  overhead  and  deck)  cables  (MIL-E-91 5E-Amend  2) 
(2'x2'  heptane  pan,  4  gallons) 

(3.2)  Instrumentation  -  All 

(3.3)  Video,  movies  and  photographs 


V.v'v  .s 


(3.4)  Data  reduction  -  on  site  -  same  as  for  Test  W29  and 
Test  W30 

(3.5)  Manual  Fire  fighting  Commence  25  min  after  fire  start 
fire  main  pressure  of  60+  psig. 

Test  W32  -  (4.1)  Same  as  3.1 

(4.2)  Instrumentation  -  All 

(4.3)  Video,  movies  and  photographs 

(4.4)  Data  Reduction  -  On  site 

1.  Temperature  in  compartments  -  individual  plots 

2.  Temperatures  in  corridor 

3.  Optical  density  in  corridor 

4.  Radiometer  -  individual  plots 

5.  Fire  pan  load  cell 

6.  All  continuous  gas  analyses  on  individual  plots 

7.  Data  tape  in  NRL  format  (1600  BPL)  within  24  hrs . 

8.  Complete  channel  listing. 

(4.5)  Same  as  W31 ,  except  fire  main  pressure  of  25  psig. 
Test  W33  -  Same  as  Test  W32  except  cables  will  be  MI L-C-9 1 5E-Pre  Amend 

TASK  III.  Fixed  Suppression  of  Navy  Cable  Fire 
Test  W34  -  (5.1)  Same  as  3.1 

(5.2)  Same  as  3.2 

(5.3)  Same  as  3.3 
(  5.4)  Same  as  3.4 

(5.5)  Commence  auto  fire  fighting  after  25  minutes  preburn 
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TEST  PLAN  FOR  FIRE  FIGHTING  TESTS 
OF  NAVY  CABLES 


1 . 0  INTRODUCTION 

1 . 1  Background 

a.  The  U.S.  Navy  has  power  cables  installed  on  ships 
specified  under  MIL-C-91 5E-Amend  2  and  pre-MIL-C-91 5E-Amend  2. 
When  involved  in  a  fire  these  cables  contribute  significantly  to 
the  fuel  load,  add  to  fire  spread,  and  produce  vast  quantities  of 
black  smoke,  acid  gases  and  toxic  products. 

b.  Two  new  Military  Specifications  are  being  used  in 
new  ship  construction,  MIL-C-24643  and  MIL-C-24640.  These 
specifications  deal  with  light-weight  power  cables  which 
ostensibly  will  produce  less  smoke,  acid  gas  and  toxic  by¬ 
products  when  involved  in  a  fire. 

c.  These  new  cables  do  not  address  the  cable  fire 
problem  of  existing  ships  as  the  cost  of  replacing  the  cables  is 
prohibitive.  Therefore,  the  Impact  of  cable  fire  fighting  on 
maintaining  the  ships'  mission  is  significant. 

1.2  OBJECTIVE 


The  adequacy  of  current  fire  fighting  techniques  for  both 
surface  ships  and  submarines  on  burning  shipboard  cables  will  be 
determined.  Both  manual  and  fixed  suppression  techniques  will  be 
used.  The  ability  of  3moke  curtains  to  contain  smoke  will  also  be 
evaluated. 


2.0  APPROACH 

2 . 1  Genera  1 

The  forward  four  compartments  and  passageway  on  the 
starboard  side  of  the  01  deck,  after  deck  house,  of  the  A.E.  watts 
win  be  used  as  the  test  compartments  for  the  full-scale  fire 
tests.  See  Figure  1.  These  are  the  same  test  compartments 
currently  being  used  in  the  Navy  cable  fire  tests. 

Sprinkler  heads,  to  be  furnished  by  the  Naval  Sea 
Systems  Command,  will  be  installed  in  the  overhead  and  will  have 
remote  actuation  capability. 

The  cables  will  be  installed  according  to  Navy  require¬ 
ments  with  both  vertical  and  horizontal  configurations.  The  cable 
Installation  will  be  the  same  as  in  previous  Navy  Cable  Tests.  The 
source  of  ignition  will  be  a  heptane  liquid  fuel  fire. 


No  forced  ventilation  will  be  provided,  but  the  fire 
compartment  will  be  open  to  the  passageway.  These  fire  fighting 
cable  tests  will  be  conducted  with  pre-MIL-C-915-E-Amend  2  and 
MIL-c-91 5 -E- Amend  2  cables.  Both  manual  and  fixed  fire  fighting 
will  be  performed  on  these  cables  in  four  tests.  Two  additional 
background  fires  will.be  conducted  without  cables,  one  with  and 
one  without  fire  fighting. 

2 . 2  Fire  Scenario 

The  tests  will  simulate  a  fire  involving  cables,  using 
as  a  source  of  ignition  a  n-heptane  fuel  fire  in  a  square  pan, 

2'  x  2'.  Sufficient  fuel  will  be  used  for  a  15  minute  pan  fire 
burn.  The  cables  in  the  area  of  the  simulated  motor  generator 
will  be  subjected  directly  to  the  pan  fire. 

Since  the  primary  objective  is  to  determine  the  ease  of 
fire  fighting  of  electrical  cables,  no  other  combustibles  will  be 
present  in  the  compartment. 

The  basis  for  comparison  in  this  series  of  tests  will  be 
the  ease  of  fire  suppression  and  conversely  flame  spread.  Also, 
smoke  curtains  will  be  evaluated  in  the  passageway  and  in  the 
adjoining  compartment  to  the  fire  room. 

Sequence  of  Events 

a.  Doors  to  passageway  closed  except  the  test  compartment 
doors  and  where  smoke  curtains  are  being  evaluated. 

b.  Data  acquistion  system  started. 

c.  Fire  started. 

d.  Fire  fighting  effort  will  commence  25  minutes  after 
fire  start  except  test  W-30  where  no  cables  will  be 
Installed.  Fire  fighting  will  commence  12  minutes 
after  the  fire  start. 

e.  Data  are  recorded  until  all  fire  activity  has 
ceased . 


3 . 0  THE  TEST  AREA 

3.1  Test  Spaces 

The  tests  will  be  performed  on  board  the  tanker  vessel 
ALBERT  E.  WATTS  In  test  compartments  and  passageway  on  starboard 
side  after  deck  house  on  the  01  level.  Figure  1  shows  the 
compartment  plan.  The  after  bulkhead  of  the  fire  test  area  will 


be  aluminum.  The  cables  will  be  installed  according  to  Navy 
specif icatlons  with  steel  and  aluminum  open  cable  hangers. 

3.2.  Environmental  Control 

All  compartments,  except  the  test  compartment  and  the 
smoke  curtain  compartments,  should  be  secured  and  no  forced 
ventilation  will  be  used.  Standard  cable  penetration  will  be 
used.  The  cable  penetrations  between  compartments  will  be  sealed 
with  duct  seal  according  to  Navy  procedure.  No  other  special  gas 
tight  precautions  will  be  taken. 

3.3  Fue 1  Supply/ Ignition  System 

The  fuel  to  be  used  is  n-heptane,  with  the  quantity 
being  dictated  by  a  burn  time  of  15  minutes.  A  spark  created  from 
a  neon  sign  tranformer,  ignites  a  propane  flame,  which  in  turn 
ignites  the  heptane  fuel.  A  way  will  be  provided  to  fill  and 
drain  the  fuel  pans  remotely  from  the  weather  deck  for  safety 
reasons . 

3.4  Extinguishment  System 

Extinguishment  of  fires  W-30,  W-31  and  W-33  will  be 
accomplished  with  a  single  handline,  lj",  90  psig.  The 
fire  fighting  effort  will  commence  25  minutes  after  ignition  of  the 
pan  fire.  A  Navy  Vari-nozzle  will  be  used.  Fire  W-32  will  use  a 
25  psig  backing  pressure  to  simulate  submarine  trim  and  header 
pressures.  Fire  W-34  will  employ  a  fixed  suppression  system  with 
nozzles  to  be  furnished  by  Naval  Sea  Systems  Command. 


4.0  INSTRUMENTATION 

4.1  Background  Conditions 


Instruments  will  be  used  to  measure  background  environ¬ 
mental  conditions  before  and  after  the  fires.  These  will  includes 

a.  Recording  barometer 

b.  Wind  direction  and  speed  (measure  also  during  test). 

c.  Ambient  humidity 

d.  Outside  temperature 

4.2  Thermocouples  (See  Figure  1) 

Type  K,  lncone 1 -sheathed  thermocouples  will  be  used  to 
measure  air,  cable  bundle  and  bulkhead  temperatures  in  the 
following  locations: 


a.  One  vertical  string,  four  thermocouples  per  string. 
In  the  test  compartment  located  at  16",  48",  64"  and  80"  above  the 
deck.  Four  thermocouples  will  be  located  12  In.  from  the  cable 
penetration  on  the  forward  and  after  bulkheads. 

b.  Thermocouples  will  be  placed  in  the  cable  bundle  12 
In.  apart  In  the  fire  room  and  the  compartments  fore  and  aft  of 
the  fire  room. 

c.  Thermocouples  will  also  be  placed  on  the  opposite 
bulkheads  in  the  forward  and  after  compartments. 

d.  Individual  thermocouples  will  also  be  placed  on  each 
side  of  the  cable  bundles  on  each  side  of  the  bulkheads  (total  of 
eight  couples  )  . 

e.  Two  thermocouples  will  be  over  the  fuel  pan  to 
monitor  If  the  fire  extinguishes  prematurely. 

f.  All  thermocouples  rakes  from  the  previous  Navy  cable 
test  will  be  removed. 

4.3  Calorimeters  (See  Figure  1) 

! 

Calorimeters  to  measure  total  heat  flux  will  be  placed 
as  follows!  three  calorimeters  to  be  installed  in  the  fire 
compartment  near  the  surface  of  the  aluminum  (after  bulkhead)  and 
two  steel  (forward  and  passageway)  bulkheads.  These  will  be 
located  mid  level  in  the  compartment.  Calorimeters  will  also  be 
placed  in  vhe  forward,  after  compartment  and  passageway. 

4.4  Fad iometers  (See  Figure  1) 

a.  Two  radiometers  will  be  Installed  in  the  test 
compartment  in  tie  after  outside  and  inside  corners  at  mid  level, 
and  on  the  deck  nea’-  the  center  of:  the  fire  area  looking  up. 

b.  Two  radiometers  will  be  Installed  in  the  forward  and 
after  compartments  on  bulkhead  opposite  the  test  compartment,  mid 

1  eve 1 . 

c.  One  radiometer  will  be  installed  in  passageway. 

4.5  Air  Velocity  Probes 

None  will  be  Installed. 

4.6  Gas  Analyzers  (See  Figure  1) 

a.  Gas  analyzers  will  be  used  to  continuously  measure 
oxygen,  carbon  dioxide,  carbon  monoxide,  total  hydrocarbons,  and 
nitrogen  oxides  from  sample  line  inlets  located  24",  48"  and  72" 


(integrated  sample)  above  the  deck  near  the  center  line  string  of 
thermocouples  in  test  compartment.  Separate  gas  analyzer  inlet 
(integrated  inlets)  for  separate  banks  of  analyzers  (CO,  CO2  and 
O2)  will  be  located  in  approximately  the  same  location  in  the 
forward  compartment.  A  gas  analyzer  inlet  will  also  be  in  the 
passageway  outside  the  test  compartment  (complete  set  of 
analyzers )  . 

Analyzers 

1.  3  Paramagnetic  Oxygen  Analyzers 

2.  3  IR  CO2  Analyzers 

3.  3  IR  CO  Analyzers 

4.  2  NO  Analyzers 

4 . 7  Grab  Samplers 

None  in  this  test  series. 

4.8  In  Situ  IR  Analyzers 

None  in  this  test  series. 

4 . 9  Load  Cell 

Load  cell  for  the  fuel  pan  will  measure  the  fuel 
consumption  rate. 

4.10  visual  Recordings 

a.  Two  visual  color  video  cameras  protected  from  the 
fire  will  view  as  much  of  the  test  compartment",  as  possible. 

b.  Two  additional  color  video  cameras  will  view  down 
the  passageway  on  each  side  of  the  fire  curtain. 

c.  Two  color  cameras  will  view  the  forward  and  after 
compartment . 

d.  One  IR  camera  will  be  located  in  the  test 
compartment . 

e.  Still  photographs  (35  mm)  will  be  taken  before  and 
after  each  test.  A  remoua  motor  driven  35  mm  camera  will  be  used 
to  photograph  the  fire  fighting. 

f.  One  16  mm  movie  camera  will  photograph  the  fire  fighting 
activity  in  the  test  compartment. 


4.11  Smoke  Characterization 


a.  The  3moke  obscuration  measurements  will  be  made  in 
the  forward  and  after  compartment  and  In  the  passageway.  The 
locations  will  be  midlevel  near  the  gas  inlet  locations.  At  these 
points,  the  transmittance  of  light  issuing  from  a  low-powered 
laser  emitter  (0.5  mw,  0.632  wavelength)  will  be  measured  by  a 
photo-diode  detector  12"  from  the  laser.  To  avoid  inaccurate 
readings  from  the  temperature-sensitive  detector  units,  they  will 
be  located  on  the  deck  below  the  test  level.  Laser  light  at  the 
12"  distance  will  be  transmitted  through  fiber  optic  cables. 

4.12  Continuity  Test 

Voltages  ranging  from  3.0  down  to  0.2  of  volts  are 
converted  to  15  conductors  in  the  cables.  This  then  allows  the 
determination  of  the  time  of  failure  of  a  cable  and  will  to  an 
extent  measure  the  effect  of  water  on  the  cables. 


5 . 0  PRE-TEST  FACILITY  AND  EQUIPMENT  CALIBRATION 

5.1  Install  sprinkler  heads 

5.2  Familiarize  operating  personnel  with  calibration  and 
operation  of  all  analytical  equipment. 

5.3  Verify  operation  of  all  analytical  equipment 

5.4  Determine  delay  time  to  analyzers. 

5.5  Using  the  base  line  test,  establish  the  time- temperature 
curves  for  the  fuel  pan3/compartment . 

5.6  Fire  curtains  will  be  Installed  on  the  hatches  of  the 
forward  and  after  compartment  adjacent  to  fire  room.  Fire  curtain 
will  also  be  Installed  in  passageway. 


6.0  TEST  PROCEDURE 

6 . 1  Test  Preparation 

All  instruments  will  be  calibrated  and  checked.  All 
personnel  taking  part  in  the  test  will  be  briefed  on  their  respec¬ 
tive  roles.  All  the  doors  to  the  test  area  and  Inside  the  test 
area  will  be  closed  and  sealed  if  necessary.  video  tape 
recordings,  35  mm  photographs  and  movies  will  be  made  as  necessary 
to  document  the  appearance  of  the  test  compartment,  specimens,  and 
1  ns t r umen t a 1 1  on  prior  to  each  test. 
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6.2  Baseline  Test 


Two  baseline  tests  will  be  conducted  with  full 
instrumentation.  No  cables  will  be  Installed  and  cable  feed¬ 
throughs  will  be  sealed.  One  test  will  be  without  fire  fighting 
and  the  other  will  be  with  fire  fighting. 

6.3  Commencement  of  the  Test 


Prior  to  actual  ignition  of  the  fuel,  all  instru¬ 
mentation  will  be  turned  on  and  scanned  for  at  least  five  minutes. 
The  scan-time  of  five  minutes  will  be  used  to  establish  baseline 
measurements.  The  pan  will  be  fueled  three  minutes  into  the  scan 
time,  the  level  determined  by  video  and  premeasurement.  The  pan 
will  be  lighted.  The  timing  clocks  will  be  started  at  the  Instant 
the  fuel  is  lighted.  That  instant  will  be  time  zero.  Also 
recorded  will  be  the  time  when  the  cables  become  involved  in  the 
f  ire . 


The  fire  fighting  effort  will  commence  25  minutes  into 
the  test  for  the  cable  tests  and  15  minutes  into  the  fuel  pan  test 
only.  The  fire  fighting  team  will  be  led  by  Navy  fire  fighters. 

5.4  Data  Acquisition 

Data  collection  will  be  accomplished  in  the  instrumenta¬ 
tion  trailer  located  on  board  an  LCM  moored  beside  the  test 
vessel.  wire  leads  and  gas  sampling  tubes  from  the  Instruments 
will  be  led  from  the  test  area  to  the  deck  below  and  then  to  the 
trailer. 

5.5  Termination  of  the  Test 

The  test  will  be  terminated  when  all  fire  activity  ends 
or  at  any  other  time  that  may  be  decided  by  the  test  director. 

The  test  w-n  also  be  terminated  for  any  other  reason  if  the  test 
director  or  the  F&STD  Supervisor  judges  that  safety  of  the 
personnel  is  threatened. 

At  termination,  any  remaining  fuel  will  be  drained 
before  personnel  go  into  the  test  area.  When  the  corridor 
temperature  has  dropped  to  about  120°F,  the  oxygen  level  has 
returned  to  normal,  and  the  toxic  gas  concentrations  In  the 
corridor  have  dropped  to  traces,  personnel  using  breathing 
apparatus  and  carrying  carbon  dioxide  extinguishers  and  a  backup 
hand  line  will  enter  the  corridor  and  test  compartment.  Any 
smoldering  embers  will  be  extinguished  using  a  minimum  amount  of 
CC>2  from  the  portable  extinguishers.  Remains  of  the  test 
specimens  should  be  disturbed  as  little  as  possible  prior  to 
inspection  and  photographic  documentation. 
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Before  moving  the  remains  of  the  test  specimens,  obser¬ 
vations  on  the  conditions  inside  the  test  compartment  will  be 
recorded,  and  videotape  recordings  and  35mm  color  photographs  will 
be  made  to  provide  a  record  of  the  appearance  of  the  specimens 
after  the  tests.  The  remains  of  the  specimens  will  then  be 
removed  and  the  test  compartment  will  be  cleaned  and  prepared 
for  the  next  test. 

6 . 6  Cables  Fire  Fighting  Tests 

Four  fire  fighting  tests  involving  cables  are  planned: 
three  tests  will  be  conducted  with  manual  fire  fighting,  one  using 
old  cable  M1L-C-915-E  Pre  Amend  2  and  two  using  MIL-C-915-E 
Amend  2.  Handlines  of  lj"  using  90  and  25  psig  water  will  be 
used.  Navy  fire  fighters  will  head  the  fire  fighting  efforts.  one 
fixed  suppression  test  will  be  conducted  with  nozzles  the  Navy 
furnishes . 


7 . 0  SAFETY 


7 . 1  safety  Responsibilities 

Safety  of  the  personnel  is  of  paramount  importance 
throughout  preparation  and  testing.  The  F&STD  Supervisor  is  the 
safety  officer  for  all  operations  relating  to  the  testing.  The 
Test  Director  is  responsible  for  the  technical  aspects  of  the 
tests.  A  test  will  be  postponed,  or,  if  in  progress,  terminated, 
if  at  any  time  the  F&STD  Supervisor  or  the  Test  Director  decides 
that  the  safety  of  any  person  is  threatened. 


7 . 2  Hazards  From  Explosive  Mixtures 

An  lmporatant  safety  hazard  is  that  the  liquid  n-heptane 
might  remain  unburned,  evaporate  and  form  an  explosive  mixture 
with  air  inside  the  ship.  To  avoid  such  a  risk,  a  hydrocarbon 
detector  and  an  audible  alarm  unit  will  be  installed  in  the  main 
deck  area.  The  alarm  is  loud  enough  to  warn  personnel  in  the  test 
area  of  a  possible  buildup  of  an  explosive  gas  concentration,  so 
that  the  fuel  can  be  drained  immediately  and  the  test  terminated. 


The  hydrocarbon  gas  analyzer  in  the  instrumentation  trailer 
will  continuously  monitor  the  concentration  of  hydrocarbon  gas 
( He )  at  the  location  of  the  gas  sampling  tube  pickups  in  the  test 
area.  The  computer  will  be  set  so  that  if  HC  concentration 
exceeds  2100  ppm  (about  20  percent  of  the  lower  flammability  limit 
( LFL )  )  ,  an  audible  alarm  will  be  sounded  and  the  heptane  drained, 
terminating  the  test. 


During  the  test,  the  test  compartment  will  be  observed 
via  the  video  monitor  and  IR  camera. 
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7 . 3  Hazards  From  Toxic  Gases 

The  analyzers  shall  be  kept  In  operation  after  the 
termination  of  the  test.  No  one  shall  enter  the  test  area  without 
breathing  apparatus  until  the  oxygen  concentration  In  the  test 
area  has  returned  to  that  of  normal  air  (about  21%  by  volume)  and 
until  the  toxic  gas  concentrations  have  dropped  to  traces.  At 
this  time,  personnel  using  breathing  apparatus  will  enter  the  test 
compartment  area  to  extinguish  any  remaining  smoldering  items  and 
cover  the  fuel  pan.  The  corridor  doors  at  the  fore  and  aft  ends 
will  be  opened  to  permit  the  smoke  to  be  exhausted  in  the  aft 
direction  by  using  portable  blowers. 

7 . 4  Fire  Extinguishment 

During  test  preparations,  as  well  as  during  the  actual 
testing,  a  sufficient  number  of  portable  AFFF  extinguishers  should 
be  readily  available  in  the  test  area  in  case  of  emergency. 

7 . 5  Heptane  Supply 

Before  checking  the  operation  of  the  fuel  supply,  all 
other  instrumentation  should  be  installed  and  fully  operational. 
All  extraneous  combustible  material  should  be  removed  from  the 
test  compartment  and  the  area  of  the  passageway  near  the  test 
compartment  doorway.  Heat  flux  data  should  be  recorded  during 
this  test  run,  which  should  continue  for  at  least  15  minutes.  In 
the  event  the  fire  extinguishes  from  lack  of  oxygen,  the  fuel  pan 
should  be  drained. 


8.0  REPORTING 

The  CG  R&D  Center  will  reduce  the  data  and  supply  it  in  a 
usable  form  including  prints,  photos,  video  tapes,  and  magnetic 
tapes  to  the  Navy,  NRL  Code  6183  which  will  document  the  test 
procedures  and  present  experimental  results.  Analysis, 
discussion,  conclusions  and  recommendations  will  not  be  included. 
The  report  will  Include  the  results  from  all  tests  including 
background  tests. 
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APPENDIX  A- 2 
I NSTRUMENTAT I ON 


Radiometers,  Gardon  0-10  BTU/ft2min 
Type  64  1  SR  -20  -6  MgO 
Range  9-12  MV,  15  BTU/ft2sec 

Calorimeters,  Gardon  0-10  BTU/ft2min 

Type  64-2-20-8  MgO  5  Range  0  -  2  BTU/ft2 

Type  64  -2  -  20  3  3 

Thermocouple,  Type  K,  inconel  -  sheathed 

Smoke  Obscuration,  Spectra  Physics  lasers 
RCA  Modi  C30810 

Oxygen  analyzer,  LCN  Thermomagnetic  (0-25%) 

model  7803-6 

Carbon  Dioxide  analyzer,  MSA  Model  LIRA  303 

(0-25%)  Pull  Scale 

Carbon  Monoxide  analyzer,  MSA  Model  LIRA  303 

(0-5%)  Full  Scale 

NOx  analyzer,  Beckman,  Model  951 

Hydrocarbon  Analyzer,  Beckman  Flame-Ionization 

Model  400 


Heat  Detector,  Fenwal 
Hygro- thermograph 
Load  Cell  (Fuel  Pan  0-50016) 
Flow  Indicators  (Liquid) 


Pressure  in  extinguishing  System 


APPENDIX  B 

n -HEPTANE  DATA  SHEET 


HEPTANE 

Description:  Colorless  liquid. 

Formula:  CH3(CH2)5CH3 

Constants : 

Mol.  Wt .  100.20 

B.  P.  98 . 52  °C 
Freezing  p.  -90.5°C 
Flash  P.  25 °F  (C.C. ) 

Density  0.684  @  20°/4°C 
Autolgn.  Temp.  452°F 
Vap.  Press.  40  mm  @  22.3°C 
Vap.  D.  3.45 

Toxic  Hazard  Rating: 

Acute  Local :  0 

Acute  Systemic:  Inhalation  1 

Chronic  Local :  U 
Chronic  Systemic:  U 
MAC:  ACGIH  (accepted);  500  parts 

per  million  in  air;  2045  milli¬ 
grams  per  cubic  meter  of  air. 

Fire  Hazard:  Dangerous,  when  ex¬ 
posed  to  heat  or  flame. 

Spon-  menus  Heatina:  Nr 

To  F  3 ' i  *■  Fire:  Foam,  n a  r  tor  d  1  c x 

I  “•  e  ,  ory  ”hemi' 

I  x  p  i  '■  l  '  ’ v  Hazard:  M  ■  :!p;  Up,  w h  e  r 
e  sea  to  he  it  - 1  *  1  op  . 

Fx f  .  -  ’ ve  F  v >  ;e  :  .  .  •  . 

r  (  r  i  "  *  'Or*  ;  .  :  r  j  e :  v ; 

I I  exposure  t  v  '*  ♦  1  me  ; 

'  1 •  e  "U  ”  •  .  V  w  ;  *  -  v  ■ 

n.i  ■  p  r  I  d  ,  . 

I  '  ;  m  d  e  i  *  -  e 

Sp  ■*  i  >■ 

,  r-  -j  h  ltd  1  J  :  re  ♦  ;  -p 

F  «  a  :  :  a  '  1  '  •  ••  «•  : 

'  •  ■  ’  .  '  I  *  :  y  -  ;  » 

.  : gu ; d  ;  r  ed  .ire., 
i  •  S’Hnl  '  i  a  «=  s  ■  ♦  ;  \  »  ,  r  : 

*  .  a mm a  tie  !  ! qu i  1 ;  : e  i  ;  i  ‘ » 


% 


m 


0-R18C  146 


THE  EX-SHADHELL-FULL  SCALE  FIRE  RESEARCH  AND  TEST  SHIR 
<U>  NAVAL  RESEARCH  LAB  MASHINGTON  DC 
H  H  CARHART  ET  AL.  S6  OCT  87  MRL-HR-6B74 


UNCLASSIFIED 


F/O  13/1$ 


APPENDIX  C 
SYSTEMS  CHECK  LIST 


Gas  Analyzer  System 

a.  Dryer  system:  moisture  out?  leakage? 

b.  Condensation  In  tubing? 

c.  calibration:  O2 ,  CO2,  CO,  HC ,  N0X  before/after 
response  times: 

Hydrocarbon  Alarm  System : 

a.  Calibrator  gas? 

b.  Audible  alarm? 

Smoke  Detection/Measurement 

a.  Clock  starting/stopping 

b.  Laser  system:  alignment,  calibration,  overheating, 
before/after  fire 

Computer 

a.  Background  check: 

b.  Pre-ignition 

c.  Ignition:  clock-starting,  time  date  gen, 

d.  High  HC  main  valve  closure  check 

e.  Graphics  check 

Video/ Photography : 

a.  Cameras,  recorders  operating 

b.  status  board  photographed  or  videotaped  before  tests 

c.  Photos/vldeotape/movles  during  test  and  after 

d.  status  board  photographed  and  videotaped  after  tests 

e.  Movie  camera  16  mm  remote  actuation 

Ignition 

a.  Check  fuel  level  in  pan 

b.  Check  for  HC  leak  -  main  deck  before  and  after  lighting 

c.  Flame  quality:  blue/yellowing?  Flame  height  steady? 
Ventilation  regulation? 


i n 
ui 

O  V 

I  § 


v-  £■ 

o 

£  * 


s:  % 


>  li  Q 

uJ  ul  qT 

U)  ~> 
-1  ^  VI 


*-  Q 
d  o 


o  -* 

O- 

o.  K 


9  $  «*£  J 
—  a  a:  ^ 

>  <o  <a  o 


_  vU 
— *  l— 

V)  tu 


<J  fcX 


B  1?  <|L  J  1_J 


j  i- 

viO 

-  uj 

M  f~ 


tU  ✓> 

r>  ^  U>  'Jl  UJ 

Q.  i  — J  ^ 

3  -jj  a  Q- 


o  w  ^  Q 


VJ  ^  ^  ^ 

S  2:  V)  Ul  cO 

(v  O 

^  q  vi  u;  in 

X  c  't  ■< 

h  cr  vij  U 


ui 

_j 

ft- 

3  < 
O  QC 
o  tu 

I  E 

S  <x 

Ce  vo 

ul  _ 

a  cr 

y—  H 


xe  o©*  x  @ 


9  I 

A  * 

'0<8>)y* 


Ml 


<i  1  2 
I  s 


*  Aii2 
AJ  &'£ 


‘fE-i 


^  7 11 
A'a®7 


Q_ - 1 - v 


<9\ _ ^ 

— >— < 


CW 


FIG UREl  -  TEST  CONFIGURATION 


^  v  <0  ^  -O 
*  ^  ^  ^ 


o  O  Q  o  o  o  V 

<D  <0  c£>  <?  ^  00  , 

vO  vd  O  ^  ^  'G  , 


ll_  v^ ,  tvj  |  moo^  .  5  ^ 

\  0:  CO  tD  fj  '^>0D0~'O  'f 

?—  C_!  cnf3w4ntc<i'rrJ 


C'  o 
Cw  - 


b  r-  xjr  CO 

P  0"  (J-  <x> 

r 


ro  *~l  f'J 
CO  03  vO 


5 

© 

<* 

o 

O 

> 

x 

:> 

B 

D 

& 

cr- 

5 

V 

a 

*k 

$ 

o' 

o 

0 

o 

0 

Q 

o 

0 

o 

3- 

TT 

i\l 

rJ 

CO 

r-J 

rJ 

03 

S' 

j 

CD 

cr 

10 

tJ- 

<* 

CO 

rsi 

ro 

o 

CO 

(X) 

03 

Co 

CD 

cvi 

v3 

CD 

cr 

vO 

■0- 

ro 

CO 

o 

CD 

m 

■<*- 

rO 

OJ 

V 

<vl 

o 

N- 

CO 

K- 

ro 

rJ 

o 

o 

c r 

cr 

CD 

03 

CD 

CD 

'O 

u. 

CO 

UJ 

nJ 

o 

rJ 

O 

LO 

LO 

O 

— 

ro 

ro 

fNj 

<x> 

1 

o 

vi) 

c£ 

1 

Lr> 

» 

1 

< 

l 

? 

/<N 

n 

v/"> 

cxf 

V 

v— 

2 

’ 

V- 

cO 

ro 

+• 

O  pj 


oU 


rvj  , 

‘  3 


t —  k9  VI  iO 
v—  l_  rJ  v— 


uT  ^-0 


\s 

O 

cn 

vO 

cO 

ro 

0 

m 

rvl 

0 

1 

<33 

i 

t/-> 

r\J 

1 

1 

DS 

1 

t 

\ 

1 

DO 

vn 

■cc 

< 

13 

/O 

cb 

c*r 

ca 

vb 

O 

VO 

tr* 

LJ 

VO 

b— 

^— 

KD 

I/O 

'O 

5 

J— 

»— 

V- 

b— 

ro 

b— 

2 

LO 

v£) 

r- 

CO 

cr 

r-J 

r\i 

rxi 

rsj 

t, 


N//4 v y  TEST  lAl-  **  8 1  AMfNDZ  CABLi;^ 


{S)  ££JA  27^ 26)  ^  ^  ^ 


(i^ui)  «V3)  { 


tic/.  4  —  Co  hie.  Run  cross-se  ction  for  hj oyij  Toil  IA /'  Ic 

Scr7ib|a/  ^or 

j0* 

TASlf  5  —  Wm/pT^t-  \AJ-> j  •  Total  lenq4h^  /?nd  Uiyj  Hu  per  f\>£ 
[cable  fTu/Aoex  of  I  opptR  TitRf^iD  'Tim  Ttawte  ~ntR  I  ror4l_l 


CABLE 

NU»6» 


WU/ABCJ.  of 
(j\6l£i/Tlt* 


\  opPtR  Tilr  mid  tick 
(H) 


JWtt  T/tR 


FOT41. 


u>-ii,  3a.  ,3V 


H 


